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MILITARY  today  -  INDUSTRIAL  tomorrow 


AMPEREX  Electronic  Tubes  are  incorporated  in  vital  protective 


equipment  serving  an  alert  convoy  system  speeding  vital  materials 


over  vast  and  dangerous  distances 


And  AMPEREX,  now  building  for  battle,  is  working  steadfastly  to 


produce  electronic  tube  designs  with  highly  important  military 


significance.  Coincidentally,  we  are  contributing,  in  these  same 


wartime  engineering  advancements,  to  the  myriad  of  practical 


industrial  applications  which  are  already  evident  ...  for  tomorrow. 
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IX^UGLAS  "DAUNTLESS"  DIVE-BOMBERS . 

electron  tube  terminology,  by  W.  C.  White . 

Some  early  history  and  remarks  on  the  nomenclature,  popular  and  scientific,  to  be  used  in  naming 
new  members  of  the  vacuum-tube  family  are  included  in  this  article 

aircraft  antenna  characteristics,  by  Paul  J.  Holmes .  . 

Two  charts  permit  the  reactance  and  radiation  resistance  of  a  fixed  aircraft  antenna  to  be  esti¬ 
mated  following  measurement  of  length,  facilitating  design  of  dummy  antennas 

PRECISION  TIME  CONTROL . 

Tuning-fork  used  as  power  supply  source  for  NBC  synchronous  clocks  is  accurate  within  one-third 
second  per  day 

RADIO  IN  THE  U.  S.  ARMY . 

Signal  Corps  photographs  show  methods  of  installing,  maintaining  and  operating  modern  military 
communications  equipment 

GRAPHICAL  DETERMINATION  OF  POWER  AMPLIFIER  PERFORMANCE,  by  R.  I.  Sarbacher . 

By  means  of  a  simple  two-piece  plastic  calculator,  used  with  static  curves  of  power  tubes,  the  com¬ 
plete  performance  of  Class  B  and  Class  C  amplifiers  can  be  rapidly  determined 
CIRCUIT  ELEMENTS  IN  ELECTRICAL  REMOTE  CONTROL.  PART  II.  by  C.  J.  Dorr  and  L.  N.  Galton 

Fundamental  circuits  using  relays  to  provide  time-delay,  generate  impulses,  handle  interlock  problems 
and  perform  selection  functions 

SIMPLE  HARMONIC  WAVE  ANALYZER,  by  R.  F.  Thomson . 

Second  and  third  harmonic  distortion  can  be  read  directly  in  percentage  of  the  fundamental  frequency 
through  use  of  simple  amplifier-filter-rectifier  device  designed  to  speed  up  test  and  inspection  of  audio 

ENERGY  STORAGE  WELDING  CONTROLS,  PART  V.  by  G.  L.  Rogers . 

Magnetic  and  electrostatic  energy  storage  systems  described  reduce  the  demand  upon  power  lines 
and  provide  precise  control  needed  when  working  with  non-ferrous  metals 

AN  EXPERIMENTAL  TELEVISION  SYSTEM,  by  Robert  Mautner  and  Frank  Somers . 

A  description  of  a  I  14-Mc  television  video  transmitter  and  associated  receiving  equipment,  with  par¬ 
ticular  emphasis  upon  the  practical  problems  Involved  in  the  design,  construction  and  operation  of 

ELECTRONICS  IN  INDUSTRIAL  TEMPERATURE  INSTRUMENTATION,  by  M.  F.  Behar . 

Pointing  out  the  unrealized  opportunities  for  the  application  of  electron  tubes  to  the  measurement 
and  control  of  temperature,  the  author  shows  the  difficulties  and  the  most  favorable  fields  of  application 

IMPEDANCE  OF  SOME  SIMPLE  ELECTRICAL  CIRCUITS,  by  Beverly  Dudley . 

Admittance  and  magnitude  and  phase  of  impedance  of  simple  electrical  circuits  in  graphical  form 

AVOIDING  PATENT  PITFALLS,  by  Rudolf  F.  Wild . 

Suggestions  are  given  for  avoiding  the  numerous  pitfalls  confronting  the  uninformed  when  seeking  a 
patent 
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“Adolph,  did  you  mean  it? 


Jh  gateway  to  Qemany 

,  _,.,v,ork  of  railroads,  air- 


l-ess  than  four  short  years  ago  you 
NR.  j«,T  .M9 1  inserted  the  travel  ad  at  the  left  in 

Tbe  gateway  to  gernumy  one  of  our  finest  magazines: 

network  of  railroads,  air-  *  Remember  it?  You  actually  invited 

^  Now,  take  a  good  look  at  that  con- 

^  voy  on  one  of  the  sea  lanes,  crossing 

^  Ihe  Atlantic  ...  to  Germany.  The  oii 

lanes  are  open,  too. 

And  we,  Adolph,  are  doing  our  utmost  to  produce  a  sufficient  amount  ol 
materiel*,  so  that  our  "'travellers''  will  not  disappoint  you. 

*  Typical  users  of  UTC  materiel  are  ..  .  RCA.  GE.  Weslem  Electric.  W  estinghouse.  Bendix.  Farnsworth.  IBM.  PbUco.  etc.  ..  .  I 
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Electronics —Secret  Weapon  of  War 

Presager  of  a  I^ew  Scieutific  and  Industrial  Era 


The  end  of  World  War  I  left  scientists  with 
a  new  plaything.  I’hey  did  not  know  it  at  the 
time  but  they  had  their  hands  on  a  revolution. 
W'ithin  two  years  the  world  had  radio  broadcasting. 
Within  ten  years  the  whole  art  of  motion  pictures 
had  been  transformed  as  talking  pictures  replaced 
silent  movies.  W  ithin  twenty  years  television  was 
born  and  people  were  seeing  pictures  in  motion 
by  radio. 

The  fulcrum  of  this  rc\olution  is  the  electron 
tube,  a  new  tool  of  illimitable  possibilities.  One 
form  of  the  electron  tube  is  the  familiar  radio  tube; 
the  much  publicized  electric  eye  is  another.  I’hcrc 
are  many  other  forms,  each  lun  ing  distinct  capacities 
for  saving  time,  sa\ing  cnergv,  sa^ing  money,  pro¬ 
tecting  life,  limb  and  property. 

riic  electron  tube  puts  the  electron  to  work— and 
the  electron  is  the  basic  building-block  of  the 
universe. 

Electronics  is  the  new’  art,  the  new  science  of 
putting  the  electron  to  work.  Radio  and  sound  pic¬ 
tures  and  telc\ision  arc  aspects  of  electronics;  but 
there  arc  many  other  facets  of  this  revolution  which 
have  been  brewing  since  the  last  war. 

I'he  electron  tube  has  a  typical  American  family 
tree.  Edison  made  the  basic  discover)-  of  the  “Edison 
effect"  some  sixty  years  ago.  This  was  followed  by 
the  invention  of  the  “Mcming  valve”  and  the  “dc 
I’orcst  grid”,  d’hen  Armstrong  contributed  his  share, 
and  hundreds  of  engineers  in  garret  and  cellar  work¬ 
shops  and  in  the  great  universitv  and  industrial 
laboratories  went  to  work  on  the  tubes  which 
employ  electrons.  'I’he  tube  was  a  plaything  before 
the  last  war  but  the  world  conflict  brought  it  out  of 
the  toy  stage  and  made  it  a  practical,  powerful  tool. 

'I()day  the  electron  tube  is  guiding  the  destinies 
of  the  greatest  armies  and  fleets  ever  engaged  in 
the  history  of  the  world. 

It  is  a  part  of  the  nerve  center  of  the  battleship, 
directing  its  course,  finding  its  achersarics,  broad¬ 
casting  running  accounts  of  air  battles  to  its  crews, 
directing  gun  fire  and  determining  ocean  depth. 

In  the  air  it  is  the  means  of  locating  and  identify¬ 
ing  enemv  planes,  piloting  planes  automatically, 
giving  communication  from  plane  to  plane  and  to 
shore.  It  is  even  operating  the  controls  of  the  plane. 


In  the  maneuvering  tank,  in  the  officer’s  car,  on 
the  back  of  a  foot  soldier  it  transmits  and  receives 
\ocal  messages  from  ever)-  unit  of  the  fighting 
forces. 

Along  our  borders,  and  those  of  our  Allies  is  an 
electronic  screen  which  counts,  follows  and  identi¬ 
fies  enemy  planes  a  hundred  miles  away  through 
darkness  and  through  fog. 

In  industrial  plants  there  are  electronic  counters 
that  enumerate  passing  articles  faster  than  the  eve 
can  sec;  automatic  sorters  which  discard  defective, 
o\  ersize,  undersize,  off-color  articles;  automatic  cut¬ 
ters;  devices  which  inspect  the  inside  of  things 
which  the  eye  cannot  sec;  controls  which  protect 
workers;  controls  of  temperature;  smoke  elimin¬ 
ators;  intruder  alarms;  automatic  controls  for  whole 
batteries  of  machines. 

In  its  October  progress  report  on  American  in¬ 
dustry,  the  War  Production  Board  points  out  that 
the  radio  business  is  five  times  greater  than  a  vear 
ago.  I'rom  20  million  dollars  a  month  last  fall,  it 
has  increased  to  well  over  100  million  dollars  a 
month.  Unfilled  war  orders  are  in  excess  of  -f 
billion  dollars. 

From  such  \ast  growth  will  emerge  a  new-  en¬ 
gineering  of  products  which  will  immeasurably 
impro\-e  our  peace-time  liN'ing. 

.\ftcr  the  war  broadcasting  will  be  infinitelv  more 
satisfactory;  radio  receivers  will  perform  with  a  new- 
fidelitv  which  will  amaze  us.  television  reception 
will  be  as  flawless  as  the  motion  picture.  Present 
secret  war  developments  will  readily  be  convertible 
to  peace-time  devices  that  will  improve  our  stand¬ 
ard  of  living. 

No  longer  will  ships  collide  with  other  ships, 
with  icebergs  or  the  shore.  No  longer  will  trains 
collide  and  aircraft  crash  in  flight. 

Garage  doors  w  ill  open  as  we  approach  and  auto- 
maticallv  close  themselves.  Electric  lights  w  ill  auto- 
maticallv  go  on  and  off  according  to  our  wants  and 
needs.  I'urnaces  and  boilers  will  be  controlled  and 
smokestacks  will  cease  to  belch  wasteful  smoke.  Air 
will  be  made  dust  free  and  germ  free.  I'ood  con¬ 
tamination  will  be  checked,  meat  made  tender. 

Grade  crossings  will  be  made  safe  and  auto 
traffic  will  be  automatically  controlled. 


Medical  science  sees  new  wonders  ahead.  Already 
it  is  possible  to  see  “whiskers”  on  germs,  germs 
which  heretofore  had  been  but  a  blur  when  \iewed 
through  the  strongest  optical  equipment  a\ailable. 

Ibday  so  much  secret  development  is  going  on  in 
the  ultra-high-frcqucncy  field  that  little  can  be  said 
of  its  great  future.  But,  without  divulging  military 
secrets,  it  can  be  said  that  ply-wood  is  being  dried 
electronically  in  minutes  instead  of  hours.  Ultra- 
high-frcqucncy  welding  (not  to  be  confused  with 
flame  welding  controlled  electronically)  is  being 
done  dramatically  arid  efficiently. 

Ultra-high-frequency  heating  promises  to  revo¬ 
lutionize  the  baking  in¬ 
dustry— it  may  even  heat 
our  homes. 

W'hat  is  this  miracle 
working  tube  that  can  see, 
hear,  taste,  feel  and  smell 
a  thousand  times  more 
sensitixely  than  was  pos¬ 
sible  heretofore? 

Wliat  is  the  electron? 

No  one  knows,  not  exen 
the  scientists  xvho  knoxv 
hoxv  to  employ  it.  Elec¬ 
trons  cannot  be  seen  or 
felt;  but  if  6V4  million 
million  million  electrons 
arc  puslicd  through  a  100-xxatt  electric  lamp  per 
second,  it  xvill  light  up  to  full  brilliance.  For  elec¬ 
tric  current  mcrclx’  is  a  mass  mox  ement  of  electrons. 
Each  electron  carries  its  share  of  electricity,  and 
since  the  electron  has  so  little  xx  eight  it  can  be  mov¬ 
ed  easily  and  quickly.  Therefore,  clcctricitv  trans¬ 
ported  by  electrons  can  be  turned  on  or  off  xxith 
great  case  and  speed.  I'hc  electron  tube  merely  is  a 
dcxicc  that  controls  the  floxv  of  eleetrieitv.  It  is  an 
amplifier  of  poxxer  xxhieh  can  be  made  to  do  xvon- 
drous  things.  The  sound  of  a  termite  gnaxx  ing  inside 
of  a  log  can  be  amplified  a  million  times  ...  to  a 
roar  that  can  be  heard  ox  er  great  distances. 

Colors  can  be  classified  and  matched  to  a  degree 
not  possible  bv  anv  other  means. 

Chemical  or  xitamiu  eonsistcuev  can  be  recog¬ 
nized  by  counting  radio  activity  xxithin  the  subject 
being  analxzcd. 

There  is  no  industrv  in  xvhich  electronic  circuits 
cannot  be  used  to  speed  up  production,  to  increase 
accuraev,  to  do  heretofore  impossible  tasks  of 
calibration  and  measuring. 

The  opportunities  afforded  tbc  engineers  xxbo  arc 
dcxcloping  this  nexv  “electronic  age”  are  limitless. 
*  «  «  « 

Todav  the  clcctronie  industrv  is  100'^','  at  xvar.  It 


is  meeting  the  e.xaeting  demands  made  upon  it. 

Never  before  xvas  electronic  equipment  called 
upon  to  xvithstand  temperatures  ranging  from  75 
degrees  beloxv  to  150  degrees  above  zero  I'ahrcn- 
heit.  Nexer  before  did  radios  and  transmitters  haxe 
to  xvithstand  the  shaking  and  abuse  to  xxhieh  thev 
are  being  subjected  today. 

War  demands  have  called  for  much  redesign, 
much  change  of  materials  and  a  nexv  conception  of 
operating  to  tolerances  nexer  dreamed  of  in  peace¬ 
time  material.  As  a  result,  electronic  parts  and 
equipment  makers  arc  building  better  dcxiccs. 

Universities  and  colleges  are  xvorking  at  top  speed 
to  produce  electronic  en¬ 
gineers,  for  exery  radio 
operator  in  a  plane,  excrx 
radio  man  in  the  ground 
forces  and  on  ships,  excrx 
man  operating  radar 
equipment  or  electronic 
control  dcxiccs  in  ord¬ 
nance  .  .  .  and  there  are 
many  thousands  of  them 
.  .  .  must  be  a  trained 
technician. 

The  xxall  of  militarx 
censorship  is  high  but  it 
is  no  secret  that  one  of 
Britain’s  best  xxcapons 
that  keeps  the  Lnftxxaffe  from  exterminating  Lon¬ 
don  is  a  radio  locator,  a  device  that  gixes  alarm  of 
approaching  planes  long  before  they  can  be  seen 
xxith  telescopes.  Scanning  the  horizon  constantlv 
the  locator  xvarns  of  the  enemy’s  approach.  In  the 
nose  of  a  night  fighter,  the  locator  informs  pilot 
and  gunner  xvhen  the  enemy  is  xxithin  range. 
Neither  is  it  a  military  secret  that  gunfire  can  be 
controlled  bv  electronics,  and  that  electronics  is 
haxing  a  big  share  in  training  our  nexv  armies. 

Nceessitv  draxvs  a  xcil  oxer  the  most  dramatic 
uses  of  electronics  in  xxarfarc,  but  among  those 
xxho  knoxv  there  is  nothing  secret  about  the  fact 
that  many  of  today’s  xvartime  applications  xx  ill  rex  o- 
lutionize  our  peace-time  lixes.  b'leetronies  xxill  in- 
xadc  cxerv  industrv  xxith  totally  nexv  devices  and 
machines.  ’I’he  future  of  the  electronics  industry  is 
limited  onlv  bv  man’s  imagination. 

Such  is  electronics,  and  its  destinx ! 


This  is  the  sixth  of  a  series  of  editorials 
appearing  monthly  in  all  McGratv-Hill 
publications,  reaching  more  than  one 
and  one-half  million  readers,  and  in 
daily  newspapers  in  New  York,  Chi¬ 
cago  and  Washington,  D.  C.  They  are 
dedicated  to  the  purpose  of  telling  the 
part  that  each  industry  is  playing  in  the 
war  effort  and  of  informing  the  public 
on  the  magnificent  war- production  ac¬ 
complishments  of  America's  industries. 
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CROSS 

TALK 

►  PRP  .  .  .  OVV’I  WPB  states  that  durinjr  the  peak 
activity  of  processing  fourth  quarter  Production 
Requirements  Plan  applications,  some  1303  people  were 
employed  on  a  three  shift  basis  on  clerical  work  alone. 
This  is  not  nearly  all  the  people,  just  in  Washington, 
who  worked  on  this  job. 

PRP  may  be  sickening  in  Washington,  but  to  get 
an  idea  of  the  great  national  headache  it  is,  multiply 
these  clerks  by  the  number  of  plants  working  under 
the  Plan,  30,000.  All  the  aspirin  in  the  nation  cannot 
cope  with  this  situation.  The  truth  is  that  PRP  is 
becoming  hopeless.  It  is  driving  everyone  nuts. 

Priorities  started  off  pretty  well.  So  long  as  full 
production  was  not  attained,  there  was  enough  raw 
material  to  go  round.  Then  things  got  tough.  A  new 
letterology  had  to  be  devised;  A1  jobs  became  AlA 
jobs.  Now  if  it  makes  a  manufacturer  any  happier  to 
get  no  raw  materials  under  an  A1  rating  than  to  get 
no  raw  materials  under  an  A2  rating,  some  psycho¬ 
logical  benefit  has  been  secured,  but  that  seems  to  be 
about  all  that  has  been  accomplished. 

The  system  creaks  and  groans.  Under  allocations, 
a  man  may  need  two  items  to  make  up  a  gadget,  but 
one  item  is  scarcer  than  the  other  although  both  are 
critical.  So  he  gets  allotted  to  himself,  80  percent  of 
one  item,  50  percent  of  the  other.  His  production  is 
reduced  thereby  to  50  percent  and  is  he  going  to  refuse 
to  take  the  extra  30  percent  of  the  item  he  cannot 
use?  Don’t  be  silly! 

The  fact  is  there  is  no  longer  enough  material  to  go 
round.  Critical  materials  must  soon  be  allotted  on  a 
technological  basis  and  not  upon  a  statistical  basis. 

8  PRP  must  soon  be  on  the  way  out. 

The  new  Controlled  Materials  Plan  (CMP)  deals  at 
the  outset  only  with  aluminum,  copper  and  steel. 

►  TE.MPER.XTl’RE  .  .  .  Some  time  ago  the  editors 
of  Electronics  became  interested  in  the  appli¬ 


cation  of  electron  tubes  to  the  measurement  and 
control  of  temperature.  The  result  of  this  sudden, 
and  perhaps  temporary,  interest  was  the  article  by 
Craig  Walsh  in  October.  At  the  time  the  article  was 
edited,  it  was  decided  to  send  it  to  our  fellow'  editor, 
M.  F.  Behar  of  Instruments,  w’ho  has  spent  so  much 
of  his  life  in  a  crusade  for  better  instrumentation 
cf  certain  variable  industrial  factors,  including  tem¬ 
perature.  We  wanted  a  foreword  to  point  the  article 
up. 

At  the  time  Mr.  Behar  was  busy,  and  then  he  went 
away  somewhere,  and  w’hen  he  came  back  and  was 
not  so  busy  and  wrote  the  forew’ord,  the  article  was 
on  the  press  and  subsequently  appeared  under  its 
own  steam  without  the  benefit  of  Mr.  Behar’s 
foreword. 

Later  on  the  foreword  arrived.  Mr.  Behar  had 
really  gone  to  towm  with  the  idea  when  he  got 
around  to  it.  It  seems  that  electronic  engineers 
have  a  golden  opportunity  in  the  measurement  and 
control  of  temperature;  but  that  the  ground  is  only 
scratched  so  far.  The  forew’ord,  appearing  in  this 
issue,  is  really  an  essay  on  the  whole  subject  of 
temperature  control,  telling  us  where  to  start,  and 
what  the  problems  are.  It  is,  therefore,  published 
after  Mr.  Walsh’s  article  and  not  before  it  but  we  do 
not  believe  either  article  suffers  from  this  strange 
editorial  behavior. 

Anyone  having  a  yen  to  hitch  a  vacuum  tube  to  a 
thermometer  will  do  w'ell  to  scan  Table  I  of  this 
present  article.  This  table  should  re-direct  the 
efforts  cf  electronic  engineers  into  channels  most 
likely  to  produce  success;  it  should  stimulate  inven¬ 
tion  and  development  of  automatic  temperature  con¬ 
trol  systems  combining  precision  and  speed;  it 
should  serve  to  stop  the  waste  of  energy  cf  so  many 
engineers  who  have  been  intermarrying  the  most 
incompatible  mechanical  and  electronic  device.^. 


I  i 


A  modern  transmitting  tube,  repre¬ 
senting  three  ond  one-holi  decades 
of  progress  since  the  first  three  ele¬ 
ment  tube  was  bxiilt 


Title  page  and  paragraph  of  Stoney 
article  in  which  the  word  "electron" 
first  appeared 


LECTRON 


nection  with  his  method  of  resolution 
into  plane  wave  fronts.  This  facility 
in  sug;Kesting  suitable  terms  proved 
most  useful  when  serving  on  the 
now  famous  committee  of  the  Brit- 
m\  ish  Association  which  devised  our 

^  present  system  of  electrical  units, 

w\  and  of  which  he  was  one  of  the  early 

m  members. 

^ M  It  is  apparent,  therefore,  that  the 

origin  of  the  suffix  “tron”  is  not  in 
any  way  tainted  with  recent  com- 
mercialism  but,  on  the  contrary,  is 
more  than  50  years  old  and  has  a 
^  thorough  academic  origin  and  back¬ 

ground. 

Professor  Millikan’s  book  “The 
on,  physical  optics,  kinetic  theory  Electron”'  devotes  a  portion  of  a 
’  gases,  and  music.  Many  of  his  chapter  to  the  origin  of  the  word  and 
eas  were  somewhat  ahead  of  his  both  the  early  and  later  conceptions 
me  and  he  is  a  recognized  con-  of  its  proper  use  and  definition, 
ibutor  to  the  beginnings  of  our  This  new  word,  however,  did  not 
odern  physical  concepts.  come  into  common  use  to  any  great 

In  connection  with  the  origin  of  extent  in  the  years  immediately  fol- 
le  word  ‘electron,’  it  is  interesting  lowing  its  initial  publication.  This  is 
note  what  was  said  of  Stoney  in  indicated  by  the  fact  that  the  second 
biographical  note"  at  the  time  of  edition  of  J.  J.  Thompson’s  book 
s  death  in  1911 :  “Conduction  of  Electricity  Through 

“Stoney  invariably  invented  a  no-  Gases,”®  does  not  appear  to  use  the 
menclature  for  the  quantities  he  was  word  anywhere  in  the  text.  This 

dealinK  with,  where  none  already  ex-  ^ook  was  used  widely  and  considered 
isted.  Such  new  terms  are  contin-  .  ,  ,  ,  ,  ,, 

ually  to  be  met  with  in  his  writings,  one  of  the  standard  works  on  the 
.Many  of  them  have  been  found  by  subject  by  scientists  and  engineers 
others  to  be  most  convenient,  and  in  the  field  at  that  time.  In  looking 
have  consequently  taken  root  in  sci-  over  the  text  of  this  book,  it  is  inter- 
ence,  as,  for  example,  his  term  wave-  a-  a.  a.  au  •  u-  u 

lot,  omploywl  advantaRwusly  in  his  '’“"K  ■■"‘'''th 

papers  on  microscopic  vision,  in  con-  author  discusses  at  length  such 
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subjects  as  ionization  by  incandes¬ 
cent  solids,  photoelectric  effects,  de¬ 
termination  of  the  value  of  e/iii,  dis¬ 
charges  through  gases  at  low  pres¬ 
sures,  cathode-rays,  all  without  the 
use  of  the  word  ‘electron.’ 

Another  book  used  by  all  radio  en¬ 
gineers  during  the  early  years  of  the 
century  was  “The  Principles  of  Elec¬ 
tric  Wave  Telegraphy  and  Teleph¬ 
ony”  by  J.  A.  Fleming.’  The 
second  edition,  published  in  1910, 
although  not  showing  the  word  ‘elec¬ 
tron’  in  the  index,  does  use  it  in  de¬ 
scribing  the  use  of  the  Fleming 
valve  and  does  contain  the  phrase 
“the  electron  emission  from  the 
tungsten.  .  .  .” 

Ute  of  Terms  "Elecfron  Tube,"  "Vacuum 
Tube,"  "Electronic  Tube" 

It  will  be  noted  that  in  this  ar¬ 
ticle  the  names  “vacuum  tube”  and 
“electron  tube”  are  both  used.  “Elec¬ 
tronic  tube”  is  also  sometimes  en¬ 
countered  in  publications.  The  re¬ 
cently  issued  (1942)  American 
Standard  Definitions  of  Electrical 
Terms  (ASA  Standards  C42,  pub¬ 
lished  by  the  A.I.E.El.)  under  Group 
70 — Electronics,  gives  in  Section  10 
the  following  broad  definition: 
“Vacuum  Tube 

A  vacuum  tube  is  a  device  consisting 
of  an  evacuated  enclosure  contain¬ 
ing  a  number  »)f  electrodes  between 
two  or  more  of  which  conduction  of 


electricity  through  the  vacuum  or 
contained  gas  may  take  place.” 

Use  of  the  Words  "Electron,"  "Elec¬ 
tronic,"  and  "Electronics" 

There  appears  to  be  some  confu¬ 
sion  in  the  use  of  the  word  ‘electron’ 
and  its  derivatives  ‘electronic,’  and 
‘electronics.’ 

Electron.  The  word  ‘electron’  is  a 
noun.  It  is  popularly  defined  as  “an 
element  of  electric  charge,”  or  “the 
elementary  charge  of  negative  elec¬ 
tricity.”  The  ASA  (American  Stand¬ 
ards  Association)  defines  it  as  fol¬ 
lows:  “An  electron  is  the  natural, 
elementary  quantity  of  negative  elec¬ 
tricity.” 

In  most  cases  this  word  is  used  in 
modifying  another  noun  and  thus  is 
a  noun  used  as  an  adjective.  For 
instance,  it  is  correct  to  speak  of  an 
“electron  tube,”  “electron  camera,” 
“electron  discharge,”  “electron  gun,” 
“electron  lens,”  “electron  micro- 
.scope,”  “electron  emission,”  “elec¬ 
tron  multiplier,”  “electron  bombard¬ 
ment,”  etc.  As  regards  “electronic 
tube”  versus  “electron  tube,”  the 
latter  is  analagous  to  steam  engine, 
water  tank,  and  vacuum  pump,  where 
the  meaning  of  the  qualifying  sub¬ 
stantive  is:  operated  by,  containing, 
or  producing.  It  is  true  that  we 
speak  of  an  electric  motor,  but  this 
is  because  the  noun  “electricity”  is 
awkward.  All  modern  tendency 


is  toward  using  the  substantive 
rather  than  the  adjective  in  such 
cases.  It  is  apparent  from  the  gram¬ 
matical  viewpoint,  therefore,  that 
“electron  tube”  is  preferable  to 
“electronic  tube.” 

Thus,  it  is  correct  to  say  “Electron 
Tube  Department,”  “Electron  Tube 
Engineering  Department,”  “Electron 
Tube  Product  Committee,”  and 
“Electron  Microscope  Sales  En¬ 
gineer.” 

Electronic.  This  word  is  an  ad¬ 
jective  and  is  used  only  as  an  ad¬ 
jective.  It  is  defined  as  “of  or  per¬ 
taining  to  an  electron  or  electrons.” 
The  suffix  “ic”  signifies  “of  the  na¬ 
ture  of,  consisting  of,  characterized 
by,  of  or  belonging  to,  after  the  man¬ 
ner  of,  characteristic  of,  resembling, 
connected  or  dealing  with.”  There¬ 
fore,  on  this  basis,  the  following 
terms  should  incorporate  this  word: 
“electronic  formula,”  “electronic  de¬ 
vice,”  “electronic  research,”  “elec¬ 
tronic  phenomena,”  “electronic  engi¬ 
neering,”  “electronic  equipment,” 
“electronic  regulator,”  “electronic 
instrument,”  “electronic  motor  con¬ 
trol,”  “electronic  rectifier,”  and  “elec¬ 
tronic  telemetering.” 

Electronics.  This  word  is  a  noun 
and  is  defined  as  “the  .science  which 
deals  with  the  behavior  of  electrons.” 
The  ASA  defines  it  as  follows;  “Elec¬ 
tronics  is  that  branch  of  science  and 
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TABLE  1 — Classification  of  Electron  Tubes 


0«n«rle 

Output 

Term 

Energy 

Cturkctar 
of  Space 


Electronic 

Tubes 


i  or  Tanks ) 


Hl^h^Vacuum 


Gas-Pllled 


Control 

Means 

Type  1 

Cathode  I 

Thermionic 

None 

Photoelectric 

Electro- 

Thernlonlc 

static 

Electro- 

Thermionic 

magnetic 

Thermionic 

Cold 

None 

Pool 

Photoelectric 

Thermionic 

Electrostatic 

Cold 

Electrode 

Pool 

Ipnltlon 

P:?l 

Electro- 

Phototubo*t 


Magnetron* 


Pool  Tube* 
(or  Tank) 


Derinlttona 

A  kenotron  Is  a  hi^-vacuun  theralonlc  tube  In  which  no  means  la 
provided  for  controlling  the  unidirectional  current  flow. 

A  phototube  Is  a  vacuun  tube  In  which  electron  emission  Is  produced 
directly  by  radiation  falling  upon  an  electrode.  A  hlgh>vaeuun 
phototube  Is  one  which  Is  evacuated  to  such  a  degree  that  Its  electrical 
characteristics  are  essentially  unaffected  by  gaseous  Ionization. 

A  pllotron  Is  a  hlgh-vacuua  thermionic  tube  In  which  one  or  more 
electrodes  are  employed  to  control  the  unidirectional  current  flow. 

A  magnetron  Is  a  hlgh-vacuum  thermionic  tube  In  which  a  magnetic  field 
la  employed  to  control  the  unidirectional  current  flow. 

A  phanotron  Is  a  hot>cathode,  gas>dlseharge  tube  In  which  no  means  Is 
provided  for  controlling  the  unidirectional  current  flow. 

A  glow  tube  la  a  cold -cathode,  gas -discharge  tube  In  which  no  means  la 
provided  for  controlling  the  unidirectional  current  flow. 

A  pool  tube  (or  tank)  Is  a  gas-discharge  tube  (or  tank)  with  a  pool- 
type  cathode  (liquid  or  solid)  In  which  no  laeans  Is  provided  for 
controlling  the  unidirectional  current  flow. 


magnetic 


See  phototube  definition  under  "Hlgh-Vacuum  Tubes'.  A  gas  phototube 
Phototube*t  is  one  Into  which  a  quantity  of  gas  has  been  Introduced,  usually  for 
the  purpose  of  Increasing  Its  sensitivity. 

A  thyratron  Is  a  hot-cathode,  gas-discharge  tube  In  which  one  or  more 
Thyratron*  electrodes  are  employed  to  control  electrostatically  the  starting  of 
the  unidirectional  current  flow. 

Grld-Olow*  A  grid-glow  tube  Is  a  cold-cathode,  gas -discharge  tube  In  which  one 
Tube  or  more  electrodes  are  employed  to  control  electrostatically  the 

starting  of  the  unidirectional  current  flow, 

Grid-Pool*  A  grid-pool  tube  (or  tank)  Is  a  gas-discharge  tube  (or  tank)  with  a 
Tube  pool-type  cathode  (liquid  or  solid)  In  which  one  or  more  electrodes 

(or  tank)  are  provided  for  controlling  electrostatically  the  starting  of  the 
unidirectional  current  flow. 

Ignltron*  An  Ignltron  Is  a  gas-discharge  tube  (or  tank)  with  a  pool-type 

cathode  (liquid  or  solid)  In  which  an  Ignition  electrode  Is  employed 
to  control  the  starting  of  the  unidirectional  current  flow  In  each 
operative  cycle. 

(Not  used  at  present) 


Light 


Ultra-Violet 


*  NIIIA  Standard 
t  IRB  Standard 


Cathode-Bay 


technology  which  relates  to  the  con¬ 
duction  of  electricity  through  gases 
or  in  vacuo.”  Thus,  we  speak  of  the 
“science  of  electronics,”  “experience 
in  electronics,”  and  “teacher  of  elec¬ 
tronics.”  Again,  as  in  the  case  of 
the  word  “electron,”  it  is  frequently 
used  to  modify  another  noun,  and 
thus  act  as  a  noun  used  as  an  adjec¬ 
tive.  Therefore,  it  is  also  correctly 
used  in  such  expressions  as  ‘“Elec¬ 
tronics  Department  of  the  Com¬ 
pany,”  “Electronics  Laboratory,” 
“Electronics  Engineering  Depart¬ 
ment,”  and  “Electronics  Committee.” 

Early  Tube  Names 

It  is  generally  agreed  that  Dr.  Lee 
deForest  was  the  first  to  apply  a 
neiv  and  special  word  to  a  vacuum 
tube.  This  he  did  in  calling  his  wire¬ 
less  detector  an  “Audion.”  In  the 
Transactions  American  Institute 
Electrical  Engineers  for  October, 
1906,  Dr,  deForest,  in  his  discussion 


following  this  paper,  said  “Dr. 
Pupin’s  opening  remarks  may  serve 
as  an  argument  why  the  study  of 
Greek  and  Latin  should  be  thor¬ 
oughly  introduced  into  our  engineer¬ 
ing  schools.  My  knowledge  of  Greek 
is  almost  nil;  I  knew,  however,  that 
and  was  of  Latin  and  ion  of  Greek 
derivation.  But  they  are  both  ex¬ 
pressive.  Where  we  use  a  term  one 
hundred  times  a  day,  it  is  necessary 
to  have  something  brief;  we  could 
not  expect  the  wireless  telegraph 
operators  to  use  a  long  technical  de¬ 
scription  of  the  apparatus  in  speak¬ 
ing  of  it,  and  when  several  types  are 
in  use  it  is  necessary  clearly  and 
briefly  to  distinguish  them”. 

Dr.  Pupin’s  remarks  referred  to 
read  as  follows:  .  If  there  must 

be  a  new  name  for  each  new  detector 
— a  new  name  for  everything  that 
comes  up  in  the  course  of  the  devel¬ 
opment  of  the  electrical  art — pretty 
.soon  the  science  of  electrotechnics 


will  be  a  maze  of  new  names ;  and  the 
learning  of  the  names  will  be  much 
more  difficult  than  the  learning  of 
the  facts  connected  wdth  the  art.  For 
that  reason  I  am  oppoosed  to  new 
names.  Although  Dr.  deForest  is 
very  enthusiastic  about  the  elegance 
of  the  name  audion,  I  must  say  that 
I  am  not  very  much  impressed  by  it. 
It  is  a  mongrel.  It  is  a  Latin  word 
with  a  Greek  ending.  If  he  had  .said 
acouion  or  acousticon  it  might  have 
been  better,  but  more  difficult  to  pro¬ 
nounce.” 

It  is  clear,  therefore,  that  from 
the  very  beginning  there  has  been  an 
urge  to  create  new  names  for  new 
electron  tubes  and,  on  the  other 
hand,  the  studied  opinion  that  such 
artificial  words  are  not  proper  or 
needed.  Remarks  of  these  two  pi¬ 
oneers  in  radio  sum  up  pretty  well 
the  arguments  that  are  still  used 
today  for  and  against  new  names  for 
electron  tubes. 
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Probably  the  first  vacuum  tube 
names  containing  the  suffix  “tron” 
were  suggested  by  Dt.  Irving  Lang¬ 
muir  more  than  twenty-five  years 
ago  in  an  article  entitled  “The  Pure 
Electron  Discharge”.*  Dr.  Langmuir 
introduced  the  name  “kenotron”  in 
the  following  paragraph:  “In  order 
to  distinguish  these  devices  from 
those  containing  gas  and  in  most 
cases  depending  upon  gas  for  their 
operation,  the  name  ‘kenotron’  has 
been  adopted.  This  word  is  derived 
from  the  Greek  kenos,  signifying 
empty  space  (vacuum),  and  the  end¬ 
ing,  trwi,  used  by  the  Greeks  to  de¬ 
note  an  ‘instrument’.”  By  usage  the 
name  ‘kenotron’  has  been  applied 
only  to  the  two-electrode,  high- 
vacuum  tube. 

Dr.  Langmuir  introduced  the 
name  “pliotron”  as  follows:  “The 
term  ‘pliotron’  has  been  adopted  to 
designate  a  kenotron  in  w’hich  a 
third  electrode  has  been  added  for 
the  purpose  of  controlling  the  cur¬ 
rent  flowing  between  the  anode  and 
cathode.  This  word  is  derived  from 
the  Greek  pleion  signifying  ‘more’. 
A  pliotron  is  thus  an  ‘instrument  for 
giving  more’  or  an  amplifier.  A  simi¬ 
lar  use  of  the  prefix  ‘plio’  occurs  in 
the  geological  term  ‘pliocene’.” 

In  these  times  when  proof  of  cit¬ 
izenship  is  such  an  important  factor, 
it  is  improbable  that  any  other  elec¬ 
tron  tube  can  show  as  clear  and  un¬ 
disputed  a  birth  certificate  as  these 
two. 

Probably  the  next  two  electron- 
tube  names  to  appear  were  “dyna- 
tron”  and  “pliodynatron.”®  It  is  in¬ 
teresting  to  note  that  although  these 
two  later  names  are  very  infre¬ 
quently  used  and  the  tubes  which 
they  describe  are  not  commonly  em¬ 
ployed,  the  two  names  themselves 
are  among  the  “trons”  most  fre¬ 
quently  included  in  technical  dic¬ 
tionaries. 

These  beginnings  are  what  orgin- 
ated  the  phrase  “Graeco  Schenec¬ 
tady,”  the  creation  of  which  is  prob¬ 
ably  correctly  accredited  to  Dr.  Lee 
deForest.  Following  these  early 
names,  many  tube  and  device  names 
were  created.  Some  of  these  w^ere 
registered  as  trade  marks.  Some, 
such  as  “Radiotron,”  “Tungar,”  and 
“Rectigon,”  still  are  registered  trade 
marks.  However,  in  the  year  1937,  the 
General  Electric  and  Westinghouse 
Companies  relinquished  trade-mark 
rights  on  ‘ignitron’,  ‘pliotron’,  ‘keno¬ 
tron’,  and  ‘thyratron’. 


TABLE  2 

Number  ol  Times  Word 
Appears  in  10  Dictionaries 

Name 

3  General 
Dictionaries 

7  Technical 
Dictionaries 

Kenotron 

1 

3 

Phototube 

0 

-  3 

Pliotron 

3 

2 

Magnetron 

2 

4 

Phanotron 

0 

1 

Glow  Tube 

1 

2 

Tank 

0 

0 

Thyratron 

1 

4 

Grid-Glow 

Tube 

1 

3 

Ignitron 

1 

1 

In  the  years  that  have  intervened 
since  the  early  use  of  special  tube 
names,  some  have  been  more  or  less 
frequently  employed  in  publications. 
In  other  cases,  the  adaptation  of  spe¬ 
cial  names  has  been  slow*.  This  is 
easily  accounted  for.  For  instance, 
the  word  ‘pliotron’  w’as  not  used  to  a 
great  extent  for  many  years  because 
practically  the  only  form  in  which 
this  tube  type  could  be  purchased 
ar  1  used  was  under  the  tradename 
“Radiotron.”  On  the  other  hand,  the 
words  ‘thvratron’  and  ‘ignitron’  came 
into  quite  general  use  as  soon  as  the 
devices  themselves  became  known 
and  used  because  they  were  such  a 
simple,  one-word  description  of  de¬ 
vices  that  otherwise  had  to  be 
described  by  .several  words. 

Classification  of  Tabes 

In  classifying  devices  such  as  elec¬ 
tron  tubes,  certain  fundamental  de¬ 
cisions  must  be  made.  One  of  these 
is  whether  the  name  of  the  tube  is 
to  be  based  on  the  way  it  is  used  or 
on  the  manner  in  which  it  is  built.  In 
other  words,  should  the  naming  be 
functional,  such  as  ‘dynatron’,  or  de¬ 


' 

TABLE  3 

Number  oi  Times  Word 
Appears  in  10  Dictionaries 

Name 

3  General  7  Technical 
Dictionaries  Dictionaries 

Dynatron 

1  4 

Klystron 

0  2 

Negatron 

1  4 

Pliodynatron  0  '  3 

Radiotron 

2  3 

scriptive,  such  as  ‘triode’?  It  would 
appear  that  the  descriptive  term  is 
best  because  electron  tubes  are  used 
in  so  many  fields  and  in  so  many  dif¬ 
ferent  ways  that  much  duplication 
and  confusion  would  result  if  the  ap¬ 
plication  w’ere  the  basis  of  nam¬ 
ing  it. 

Of  course,  there  are  bound  to  be 
some  border-line  cases,  and  excep¬ 
tions  will  quickly  come  to  mind.  For 
instance,  the  term  “cathode-ray 
tube”  is  only  partly  descriptive.  Also 
“magnetron”  is  simply  a  high- 
vacuum,  hot-cathode  diode  and  thus 
is  similar  to  a  kenotron.  In  this  lat¬ 
ter  case,  however,  structurally  these 
tw'o  tubes  will  always  be  very  dif¬ 
ferent. 

Another  fundamental  is  in  a  broad 
classification  into  which  tubes  are 
grouped.  Here  again,  it  can  be  de¬ 
scriptive  of  the  tubes  themselves. 
Such  a  classification  contains  four 
variables:  (1)  Number  of  electrodes; 
(2)  the  bulb  content;  (3)  the  na¬ 
ture  of  the  cathode;  (4)  special  fea¬ 
tures,  such  as  control  methods  or 
other  unique  items. 

The  w’ords  to  describe  this  group¬ 
ing  of  variables  are  pretty  well  estab¬ 
lished. 

(1)  The  number  of  electrodes  is 
covered  by  the  words  ‘diode,’  ‘triode,’ 
‘pentode,’  ‘tetrode,’  etc. 

(2)  The  content  of  the  bulb  may 
be  high-vacuum,  gas,  or  mercury- 
vapor. 

(3i  The  cathode  may  be  thermi¬ 
onic,  pool,  photoelectric,  etc. 

(  4)  The  special  features  of  a  tube 
may  involve  specific  methods  of  con¬ 
trol,  such  as  the  ignitor,  or  special 
features  such  as  the  fluorescent 
screen,  or  the  use  of  a  pump  to  main¬ 
tain  vacuum. 

By  keeping  the  above  group  of 
variables  in  mind,  it  is  easy  to  de- 
.scribe  practically  all  of  the  tubes  in 
existence  at  the  present  time.  Thus 
we  have  a  gas-content,  hot-cathode 
triode,  or  a  mercury-vapor,  pool- 
cathode  triode  with  an  ignitor. 

It  is  very  apparent,  therefore,  why 
special  words  have  come  into  ac¬ 
cepted  use  for  specific  classes  of 
tubes.  For  instance,  the  word  ‘thy¬ 
ratron’  is  much  easier  to  use  than 
the  phrase  ‘gas-content,  hot-cathode 
triode’  mentioned  in  the  last  para¬ 
graph.  In  a  similar  way,  ‘ignitron’  is 
preferable  to  the  cumbersome  ‘mer¬ 
cury-vapor,  pool-cathode  triode  with 
ignitron  starting,’  It  is  undoubtedly 
(Co7itinued  07i  page 
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Aircraft  Antenna 


ships  and  cruisers.  Characteristics  of  this  particular  ship's  radio 
antenna,  from  cockpit  mast  to  toil-fin,  are  readily  estimated 


Pratt  &  Whitney-powered  Vought  seaplane  designed  for  use  as  o 
scout  bomber  and  normally  catapulted  from  the  decks  of  battle¬ 


T4E  ACCOMPANYING  CHARTS  3y  PAUL  J.  HOLMES  resonance  frequency  is  seen  to  be  ap- 

provide  a  simple  means  of  de-  Engineer  proximately  5  Me.  If  the  plane  is 

termining  the  approximate  electri-  canT^  small,  the  resonant  frequency  will 

cal  characteristics  of  fixed  aircraft  be  greater  than  5  Me,  if  large  it  will 

antennas  by  measuring  their  length,  largely  upon  the  physical  size  of  the  be  less  than  5  Me. 
making  some  slight  allowance  (die-  airplane  as  compared  to  the  length 
tated  by  experience)  for  their  prox-  of  the  antenna.  The  upper  dashed 
imity  to  the  fuselage  or  for  the  size  line  on  the  right  side  of  the  chart 
of  the  ship.  is  representative  of  a  small  airplane 

Data  obtained  through  the  use  of  and  the  solid  line  represents  a  large 
the  charts  facilitates  actual  measure-  airplane. 

ment  of  antenna  characteristics  and  The  variation  shown  on  the  left  of 
is,  ordinarily,  sufficiently  accurate  to  the  vertical  dotted  line  (lengths 
permit  design  of  dummy  antennas  under  45  ft.)  depends  largely  upon 
needed  when  bench-testing  aircraft  the  proximity  of  short  antennas  to 
radio  equipment.  the  metal  fuselage  of  the  airplane. 

The  solid  line  on  the  left  side  of  the 
Quarter-Wav*  Resonance  chart  is  representative  of  an  an- 

Chart  1  is  used  in  determining  the  tenna  reasonably  distant  from  the 
approximate  length  of  fixed  aircraft  fuselage,  such  as  one  running  from 
antenna  for  quarter-wave  resonance,  a  wing-tip  to  the  aft  portion  of  the 
The  intersection  points  of  the  verti-  fuselage.  The  dashed  line  immedi- 
cal  lines  (measured  length  of  an-  ately  below  the  solid  line  on  the  left 
tenna)  and  the  horizontal  lines  side  of  the  chart  represents  a  short 
(quarter-wave  frequency)  with  the  antenna  close  to  the  fuselage,  such 
plotted  angular  lines  indicate  the  as  one  run  from  a  short  mast  near 
quarter-wave  resonance  frequency  the  cockpit  directly  aft  over  the 
for  any  length  between  10  and  100  fuselage  to  the  fin  of  the  plane, 
ft.  The  following  example  illustrates 

The  variation  of  the  angular  lines  the  use  of  Chart  1 :  Assume  a  meas- 
on  the  right  of  the  vertical  dotted  ured  length  of  antenna  as  47  ft. 
line  (lengths  over  45  ft.)  depends  From  the  chart,  the  quarter-wave 


selected  operating  frequency 


quarter-u'ave  resonant  frequency 
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Characteristics 

By  measuring  the  length  of  a  fixed  aircraft  antenna,  making  some  empirical  allowance  for 
its  proximity  to  the  fuselage  or  the  size  of  the  ship,  reactance  and  radiation  resistance  may 
be  estimated  with  sufficient  accuracy  to  permit  the  design  of  a  dummy  antenna 


The  horizontal  lines  marked  on  the 
right  of  the  chart  represent  the  an¬ 
tenna’s  reactance  in  ohms.  Those 
below  the  center  or  zero  line 
indicate  negative  or  capacitive  re¬ 
actance  (operating  frequency  less 
than  quarter-wave).  Those  above 
the  zero  line  indicate  positive  or  in¬ 
ductive  reactance  (operating  fre¬ 
quency  greater  than  quarter-wave). 
The  common  intersection  point  of 
the  horizontal  lines  with  the  dashed 
reactance  curve  and  the  vertical 
lines  indicates  the  reactance  of  the 
antenna  at  the  selected  operating 
frequency. 

Assume  the  quarter-wave  resonant 
frequency  as  5  Me  (measured  length 
47  ft).  The  reactance  of  this  an¬ 
tenna  at  an  operating  frequency  of 
3  Me  is  found  as  follows :  Divide  the 
3  Me  operating  frequency  by  the  5 
Me  quarter-wave  resonant  frequency. 
The  quotient  is  seen  to  be  0.6.  Fol¬ 


lowing  the  vertical  0.6  line  to  the 
point  where  it  intersects  the  dashed 
rectance  curve  and  then  proceeding 
to  the  right,  the  reactance  is  seen  to 
be  about  —  325  ohms. 

Referring  again  to  the  chart,  the 
upper  horizontal  lines  are  marked  on 
the  left.  These  numbers  at  the  left 
represent  the  radiation  resistance  in 
ohms  of  the  antenna.  The  common 
intersection  point  of  these  horizon¬ 
tal  lines  with  the  solid  resistance 
curve  and  the  vertical  lines  (ratio 
of  operating  frequency  to  quarter- 
wave  resonant  frequency)  indicates 
the  radiation  resistance  of  the  an¬ 
tenna  at  the  particular  operating 
frequency  chosen.  Thus,  the  radia¬ 
tion  resistance  of  the  47  ft.,  5  Me 
quarter-wave  antenna  at  an  operat¬ 
ing  frequency  of  3  Me  is  seen  to  be 
approximately  1.9  ohms  as  the  0.6 
vertical  line  intersects  with  the  re¬ 
sistance  curve  and  the  1.9  ohm  hori¬ 


zontal  line  as  read  on  the  left. 

The  lower,  solid  angular  lines 
mark  in  terms  of  capacity  values 
which,  when  multiplied  by  a  factor 
shown  on  the  chart,  produce  a  ca¬ 
pacitive  reactance  equal  to  that  of 
the  antenna.  For  e.xample,  the  ef¬ 
fective  value  of  capacitance  of  a  47 
ft.  5  Me  quarter-wave  antenna  at  an 
operating  frequency  of  3  Me  is 
found  as  follows;  The  vertical  0.6 
line  intersects  the  reactance  curve 
at  a  point  just  slightly  higher  than 
that  of  the  75  /xynf  capacity  line,  in¬ 
dicating  a  value  of  capacity  greater 
than  75  /i/if  or  approximately  80 
jit/tf.  This  value  of  80  /ijnf,  when 
multiplied  by  the  10Mc/5Mc  is  160 
/i/if,  which  is  the  effective  capacity 
of  the  5  Me  antenna  under  discussion 
when  operated  at  3  Me. 

The  upper,  solid  angular  lines 
mark  in  terms  of  inductance  values 
which,  when  multiplied  by  a  factor 


CHART  1  — Approximate  lenqths  oi  fixed  aircraft  antennas  for  quarter-wave  resonance  are  shown  qraphically.  Em¬ 
pirical  variations  caused  by  proximity  of  the  antenna  to  the  fuselaqe  and  the  physical  size  of  the  ship  are  indicated 


shown  on  the  chart,  produce  the 
equivalent  inductance  of  the  antenna 
at  the  particular  operating  fre¬ 
quency  chosen.  The  inductance  value 
is  found  the  same  w’ay  as  capaci¬ 
tance,  outlined  above,  using  the 
angular  inductance  lines  instead  of 
the  angular  capacitance  lines. 

(It  is  important  to  note  when  using 
the  chart  that  the  capacitance  lines 
are  used  only  when  the  antenna  has 
capacitive  reactance  at  the  operating 
frequency,  i.e  less  than  quarter- 
wave  frequency.  The  inductance 
lines  are  used  only  when  the  antenna 
is  inductive,  i.e.  greater  than  quar¬ 
ter-wave  frequency.) 

Estimating  Procedar* 

To  review  the  examples  illustrated, 
by  the  use  of  the  antenna  charts  a 


47  ft.  aircraft  antmna  is  found  to 
be  quarter-wave  resonant  at  a  fre¬ 
quency  of  5  Me.  At  an  operating 
frequency  of  3  Me  it  is  found  to 
have  a  capacitive  reactance  of  —  325 
ohms  and  a  radiation  resistance  of 
1.9  ohms.  The  value  of  reactance  is 
equivalent  to  a  capacitance  of  160 
fi/xf.  Thus,  a  good  grade  air  dielec¬ 
tric  capacitor  having  a‘  capacitance 
of  160  /iju,f,  in  series  with  a  non- 
inductive  resistance  of  approxi¬ 
mately  2.0  ohms  would  simulate  a 
47  ft.  antenna  at  a  frequency  of  3 
Me.  This  w’ould  constitute  a  suit¬ 
able  dummy  antenna  for  the  bench 
testing  of  aircraft  radio  equipment 
to  be  installed  in  an  airplane  having 
an  antenna  47  ft.  long  and  operated 
on  a  frequency  of  3  Me. 

The  characteristics  of  an  aircraft 
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antenna  at  various  operating  fre¬ 
quencies  may,  then,  be  readily  de¬ 
termined  by  the  following  procedure : 

(a)  Measure  the  length  of  the  an¬ 
tenna  from  the  antenna  insula¬ 
tor  on  the  skin  of  the  fuselage  to 
its  farthest  point.  If  the  an¬ 
tenna  is  an  off  center  fed  “V”, 
do  not  include  the  short  side. 
Measure  the  length  of  lead  to 
the  “V”  plus  the  length  of  the 
longest  side  of  the  antenna 
proper  to  determine  the  meas¬ 
ured  length  of  the  antenna. 

(b)  From  Chart  1,  determine  the 
quarter-wave  resonant  fre¬ 
quency,  taking  into  consideration 
the  size  of  the  airplane  if  the 
antenna  is  long  or  the  proximity 
of  the  antenna  to  the  fuselage 
if  the  antenna  is  short. 

(c)  Determine  the  ratio  of  selected 
operating  frequency  to  the 
quarter-wave  resonant  frequency 
by  dividing  the  operating  fre¬ 
quency  by  the  previously  noted 
quarter-wave  frequency.  This 
numerical  value  coincides  with 
the  numerical  value  of  one  of 
the  vertical  lines  on  Chart  2. 

(d)  Determine  the  reactance  by  the 
common  intersection  of  the  ap¬ 
plicable  vertical  line,  the  dashed 
reactance  curve  and  the  nearest 
horizontal  line,  reading  the  re¬ 
actance  value  on  the  right  side 
of  Chart  2. 

(e)  Determine  the  effective  capaci¬ 
tance  or  inductance  by  multiply¬ 
ing  the  value  of  capacitance  or 
inductance  found  on  the  solid, 
angular  line  intersecting  the 
point  on  the  reactance  curve  ob¬ 
tained  in  connection  with  (d) 
above,  by  the  factor  shown  on 
the  chart. 

(f)  Determine  the  radiation  re¬ 
sistance  by  the  intersection  of 
the  vertical  line  obtained  in  (c) 
with  the  resistance  curve  and 
the  nearest  horizontal  line,  read¬ 
ing  the  value  on  the  left. 

Both  charts  w'ere  compiled  empiri¬ 
cally  and  are  the  average  of  the  char¬ 
acteristics  of  a  number  of  antennas 
of  different  lengths  and  types  on 
various  types  of  airplanes. 
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CHART  2  "  Approximate  electrical 
characteristics  oi  a  fixed  aircraft  antenna 
operated  above  or  below  the  quarter-wave 
resonant  frequency  may  be  determined  by 
using  the  chart  as  outlined  in  this  text 


Amplified  tuning-fork  output  power  supply  avoids  syn¬ 
chronous  clock  variations  caused  by  wartime  overload¬ 
ing  of  a-c  mains.  Accurate  to  one-third  second  per  day 


Precision 
TIME  CONTROL 


A  HIGHLY  ACCURATE  time-keeping 
power  supply  system  is  now 
in  operation  in  National  Broadcast¬ 
ing  Company  studios  and  control 
rooms  at  New  York.  Synchronous 
electric  clocks  connected  to  this  pre¬ 
cision  system  do  not  vary  more  than 
one-third  second  a  day.  Similar  in¬ 
stallations  are  being  made  at  divi¬ 
sional  headquarters  in  Chicago,  Hol¬ 
lywood,  San  Francisco,  Washington, 
Cleveland  and  Denver.  Affiliated  sta¬ 
tions  on  the  network  may  compare 
their  own  clocks  with  the  precision 
system  by  listening  to  the  NBC  time 
signal,  transmitted  twice  daily  from 
Radio  City. 

Wartime  conditions  created  the 
need  for  this  time  system.  Most  elec¬ 
trical  power  distributing  systems 
throughout  the  country  have  been 
affected  by  the  heavy  demands  of 
war  industries.  As  a  result,  many 
network  operating  divisions  have 
encountered  deviations  in  the  fre- 
(luency  of  a-c  supply  lines  to  which 
electric  clocks  are  ordinarily  con¬ 
nected.  As  far  as  the  public  is  con¬ 
cerned,  these  deviations  are  not  im¬ 


portant  since  they  are  small  in  mag¬ 
nitude.  In  network  operation  how¬ 
ever,  seconds  count  and  any  lack  of 
synchronization  between  stations 
may  confuse  the  switching  opera¬ 
tions  of  an  entire  coast-to-coast  net¬ 
work. 

Special  THning  Fork 

The  precision  clock  control  system, 
perfected  under  the  direction  of  O. 
B.  Hanson,  NBC  vice  president  in 
charge  of  engineering,  is  based 
fundamentally  on  the  use  of  a  special 
tuning  fork  operating  in  a  vacuum 
chamber.  The  output  of  this  fork, 
vibrating  at  a  natural  rate  of  60 
cps,  is  amplified  by  vacuum  tube 
equipment  generating  sufficient 
power  to  operate  200  synchronous 
clocks. 

As  a  check  on  the  absolute  ac¬ 
curacy  of  the  system,  the  master 
clock  in  each  divisional  headquarters 
will  eventually  be  compared  daily 
with  the  time  signals  transmitted 
by  radio  from  the  U.  S.  Naval 
Observatory. 

Since  reliable  and  continued  op¬ 


NBC's  O.  B.  Hanson  adjusts  a  control  on 
one  oi  the  four  panels  comprising  the 
Radio  City  precision  clock  control  system 

eration  of  a  time  control  system  de¬ 
pends  upon  the  unfailing  continuity 
of  its  power  source,  precaution  was 
taken  during  design  to  prevent  in¬ 
terruptions  due  to  power  line  fail¬ 
ures.  The  equipment  provides  for 
such  contingencies.  Normally,  the 
apparatus  draws  power  with  which 
to  drive  the  tuning  forks  and  ener¬ 
gize  the  amplifiers  from  city  power 
mains.  If  this  source  fails,  auto¬ 
matic  devices  connect  the  chwk  con¬ 
trol  equipment  to  a  re.serve  power 
source  derived  from  storage  bat- 
(Continued  on  page  156) 


Simplified  diagram  of  precision  clock  'control  system.  An 
a-c  generator,  driven  by  on  a-c  motor  powered  from  the 
mains,  drives  a  60  cps  tuning-fork  unit  and  the  amplified  out¬ 
put  oi  the  fork  operates  the  synchronoiu  clocks.  Should  the 


moins  foil,  the  a-c  generotor  is  immediately  driven  by  a 
d-c  motor  operated  from  storage  batteries.  To  speed  up  or 
slow  down  the  clocks,  a  65  cps  or  55  cps  fork  is  substituted 
for  the  60  cps  fork 


t 


RADIO  in 


Communications  EQUIPMENT  rep-  in  close  contact  with  each  other, 
resenting  the  last  word  in  tech-  Equipment  used  by  the  Infantry, 
nical  design  is  essential  in  modern  Artillery,  Cavalry,  Motorized  Divi- 
warfare  and  the  Signal  Corps  is  see-  sions  and  the  Air  Force  is  as  reliable 
ing  to  it,  with  the  help  of  the  nation’s  as  loving  care  in  construction  by 
electronic  equipment  makers,  that  home-front  workers  with  a  growing' 
American  Army  men  have  the  best  appreciation  of  the  importance  of 
there  is.  their  labor  can  make  it.  Installatior. 

Telephone,  telegraph  and  other  and  maintenance  in  the  field  must  bi 
wire-connected  devices  are  playing  a  handled  with  equal  efficiency  and  it 
vital  part  in  the  winning  of  the  war  is  here  that  the  Signal  Corps  can 
but  upon  radio  and  closely  allied  “air-  use  all  the  technical  skill  that  men  or 
borne”  services  falls  the  exacting  for  that  matter,  women  with  elec- 
burden  of  keeping  highly  mobile  units  tronic  experience  offer. 

December  1942  -  ELF>CTH()MC? 


New  "guidon"  radio,  a  combination  trans- 
mitter-receirer.  (right)  Reminiscent  oi  the 
lance  carried  by  mounted  knights  and. 
more  recently,  oi  coralry  pennons,  it  may 
be  spiked  into  the  ground 


Electrical  noise  aiiect* 
ing  radio  reception  is 
suppressed  at  six 
points  in  Army 
rehicles 
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Command  car  gear  includes  'phone  ond  icw.  Radio 
apparatus  installed  in  these  galloping  gos-buggies  must 
be  built  to  "take  It" 


Stepping  a  base-loaded  dntenna  on  6  tank  (leit)  re¬ 
quires  considerable  gymnastic  ability  as  well  as  a 
thorough  knowledge  of  what  the  equipment  itself  is  all 
about 


Signal  Corps  men  erect  a  rotary  beam  antenna.  Two  feminine  workers  from  the  General  Development  Lab  release  a  transmitter- 

Some  of  the  arrays  now  required  for  military  pur-  equipped  meteorological  balloon.  More  and  more  women  are  being  trained 

poses  exceed  conunercial  varieties  in  complexity  for  guch  work 


he  U.  S.  ARMY 


Graphical  Determination 
of  Power  Amplifier  Performance 


Complete  performance  of  Class  B  and  C  power  amplifiers  may  be  obtained  graphically 
from  static  characteristics  of  tube,  through  use  of  plastic  calculating  device.  Results 
obtained  quickly  from  routine  schedule  involving  only  arithmetic  operations 


WHEN  it  is  desired  to  obtain 
the  complete  dynamic  charac¬ 
teristics  of  a  power  tube,  it  is  often 
more  convenient  to  employ  a  method 
of  j^raphical  analysis  to  obtain  this 
information,  than  to  test  the  tube 
directly.  A  number  of  such  methods 
of  analysis  have  been  developed 
which  involve  graphical  integrations 
of  the  current  waveform,  obtained 
from  the  static  characteristic  curves 
of  the  tube.  The  calculating  device 
to  be  described  here  may  be  adapted 
to  these  various  graphical  analyses. 
By  its  use  the  calculating  process 
may  be  simplified  and  the  time  re¬ 
quired  to  make  the  calculations  ap¬ 
preciably  reduced. 

In  the  example  prepared  in  the 
following  discussion  the  harmonic 
analysis,  developed  by  E.  L.  Chaffee, 
has  been  employed.  This  method  of 
analysis,  which  has  been  discussed 
elsewhere,'  is  exceptionally  accurate 
and  is  easily  adapted  to  the  calculat¬ 
ing  device.  It  is  based  upon  the  deter¬ 
mination  of  selected  ordinates  along 
a  cosinoidal  voltage  axis,  and  the  ad¬ 
vantages  and  simplicity  of  this 
method  of  harmonic  analysis  lie  in 
the  fortuitous  selection  of  these 
ordinates.  In  general  the  ordinates 
are  not  equally  spaced,  nor  are  they 
erected  at  equal  intervals  along  the 
voltage  axis,  although  both  of  these 
conditions  may  be  true  in  certain 
special  case.s.  Moreover,  the  ordi- 
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nates  chosen  depend  upon  how  com¬ 
plete  it  is  desired  to  make  the  analy¬ 
sis  and  will,  in  general,  be  different 
for  a  five-point  analysis  than  for  a 
seven,  nine,  or  eleven-point  analysis. 
For  an  analysis  of  any  number  of 
points,  the  proper  selection  of  or¬ 
dinates  may  be  determined  from  the 
method  outlined  in  Dr.  Chaffee’s  ar¬ 
ticle,  but  a  detailed  understanding 
of  this  article  is  not  necessary  for 
the  present  application. 

Design  of  Calculator 

The  calculating  device  consists  of 
a  sheet  of  clear  acetate-base  pla.stic, 
having  a  thickness  of  thirty  or  forty 
thousandths  of  an  inch.  Its  over-all 
size  depends  upon  the  size  of  the 
sheet  upon  which  the  static  charac¬ 
teristic  curves  of  the  tube  to  be 
analyzed  are  plotted.  The  device  is 
especially  adapted  for  use  on  the 
plate  voltage-grid  voltage  character¬ 
istics  of  the  tube.  These  characteris¬ 
tics  are  often  referred  to  as  the 
—  Cc  plane  of  the  tube.  When  this 
plane  is  not  available,  it  may  be  used 
in  a  manner  to  be  described  later.  If 
the  static  characteristics  of  the  tube 
are  plotted  on  conventional  Sh  by  11 
inch  paper,  the  dimensions  indicated 


on  Fig.  1  have  been  found  conveni¬ 
ent.  Lines  which  are  marked  A,  B, 
C,  D,  E,  F,  are  drawn  or  scratched 
with  a  sharp  metal  object  on  the  sur¬ 
face  of  the  plastic  sheet.  These  lines 
are  spaced  in  such  a  way  as  to  divide 
a  straight  line  passing  through  Q 
and  any  point  on  the  curve  A  in  a 
definite  proportion,  depending  on  the 
type  of  analysis  used.  The  propor¬ 
tion  required  by  the  Chaffee  analysis 
is  indicated  in  the  figure.  A  small 
strip  of  plastic  about  i  inch  wide 
and  12  inches  long,  with  a  straight 
line  ruled  dowm  its  center,  is  pivoted 
to  the  plastic  sheet  at  Q,  as  shown 
in  the  figure,  in  such  a  way  that  the 
line  on  the  strip  passes  through  the 
point  Q.  This  strip  is  designated 
G  in  the  figure.  A  hollow  rivet  is 
used  in  order  that  a  thumb  tack  or 
glass  push  pin  may  be  inserted 
through  the  device  at  this  point.  The 
hole  in  the  rivet  should  be  of  the 
proper  diameter  to  provide  a  close 
fit  with  the  shaft  of  the  push  pin. 

The  curves  A  through  F,  shown  in 
Fig.  1,  may  represent  any  convenient 
spiral  such  as  r  =  a*  —  1  or  r  =  An 
in  polar  form.  The  data  for  these 
spirals  may  be  calculated  from  tables 
available  in  a  standard  handbook. 
In  the  construction  of  the  series  of 
spirals  shown  in  the  figure,  the  fol¬ 
lowing  procedure  w’as  used.  The 
curve  A  was  first  plotted  carefully 
according  to  the  equation  R  =  a*  —  1, 
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CALCULATING  DEVICE  FOR  CLASS  B  AND  C  OPERATION  OF  POWER  TUBES 


F  rivet- 

use  PLANE  ONLY 


I*V  -0.0855l05A  +  B+C-tD  +  E-*F) 

1,  -0.08551  A+I.95B  + I.75C  + 1.41 0+E-*  0.52  f] 

=  0.08551  A+1.75B  +  C-E-I.73F) 

=  0.0835(  A+ 1.41  B-  1.41 0-2E-I.4IF] 

=  0.08551  A+  B-C-20-E+  F) 

-  0.08551  A+0.52  B-I.75C-I.4ID+E-I95F) 
=  0.08551  A-  2C+2E) 


-  052B-1.75C+I.41D+E4.95F) 

-  B-C+2D-E-F 

-  I.41B+  I.4I0-2E  +I.4IF| 

-  I.75B+  C-E  +I.75F1 

-  1.95B  +  l.75C-l.410  +  E-a52Fl 

-  I.95B+  l.75C-l.4ID  +  E-0.52F| 
0.5A-B  +  C-0+E-F) 


place  glass  push  pin  through  q  at 

QUIESCENT  POINT.  ADJUST  CURVE  A  TO 
PASS  THROUGH  END  POINT  OF  PATH  OF 
OPERATION.  JOIN  THIS  POINT  AND  Q 
WITH  LINE  ON  ARM  G  RECORD  CURRENTS 
AT  INTERSECTION  OF  LINE  G  AND  CURVES 
ATHROUGH  E  EQUATIONS  GIVE  AVERAGE 
AND  MAX.  CURRENTS 


QA 


I.OOOR 


QB-a966R 


QC«0.666R 


12.6" 


QD-0.707R 


QE  «  0.500  R 


QF-  0.269  R 


Fig.  I — Calculating  device  ioi  power  tube  analy- 
sii  in  Class  B  and  C  operation  consists  of  two 


pieces  of  plastic,  marked  as  shown  and  fas¬ 
tened  together  at  Q  by  means  of  hollow  rivet 


where  a  =  1,68  for  values  of  6  in 
steps  of  10  deg.  from  0  =  0  to  0  = 
270  deg.  Radial  lines  were  drawn 
from  Q  spaced  10  deg.  apart  to  fa¬ 
cilitate  the  plotting.  The  length  of 
these  radial  lines  lying  between  the 
curve  A  and  the  point  Q  were  then 
divided  proportionately,  in  accord¬ 
ance  with  the  schedule  given  in  the 
figure.  The  remaining  curves  B 
through  F  were  then  drawn  in  as 
shown.  The  plastic  plate  was  placed 
over  the  drawing,  and  the  curves 
traced  on  the  plate  with  a  sharp 
pointed  .scriber.  The  scratched 
grooves  were  filled  with  black  ink. 

•  When  the  thin  strip  G  with  the 
'  straight  line  drawn  on  it  is  riveted 
I  to  the  plastic  plate,  as  mentioned 

aliove.  the  calculator  is  ready  to  use. 

Application  of  Calculator 

t. 

•  An  example  is  shown  in  Fig.  2  of 
,  the  way  the  calculator  is  used.  Repre- 
j  sentative  characteristics  of  a  power 


tube  plotted  on  the  Co— c,  plane  are 
shown  in  this  figure.  The  first  step 
in  the  process  of  obtaining  informa¬ 
tion  for  the  dynamic  characteristics 
of  the  tube  is  to  locate  a  desirable 
quiescent  point  on  this  diagram. 
This  follows  from  the  pre-selection 
of  the  polarizing  potentials  to  he  ap¬ 
plied  to  the  tube.  This  will,  of  cour.se, 
he  done  in  accordance  with  the  par¬ 
ticular  conditions  and  requirements 
of  the  problem.  The  next  step  is  to 
select  .several  likely  positions  for  the 
end  point  of  the  path  of  operation. 
Let  point  A  of  Fig.  2  represent  one 
such  end  point.  Then  in.sert  a  glass 
push  pin  through  Q  on  the  calculator 
at  the  (luiescent  point,  so  that  the 
calculator  is  hinged  at  this  point.  Ad¬ 
just  curve  .4  to  pass  through  the 
end  point  of  the  path  of  operation. 
Join  this  point  and  .4  with  the  line 
on  arm  G.  Record  both  plate  and 
grid  currents  under  the  intersection 
of  the  line  G  and  the  curves  .4 
through  F.  These  values  may  he  sub¬ 


stituted  in  the  equations  of  Chaffee, 
as  illustrated  in  the  following 
example. 

Examples  of  Use 

With  the  plate  polarizing  potential 
=  2000  volts,  and  the  grid  polar¬ 
izing  potential  E^c  =  —160  volts, 
(twice  cutoff)  the  quiescent  point  Q 
is  located  as  shown  in  Fig.  2.  An 
arbitrary  end  point  A*  for  the  path 
of  operation  is  located  as  shown  in 
this  diagram.  It  was  chosen  in  this 
ca.se  to  be  at  the  intersection  of  the 
line  =  ec  =  240  volts  and  the  line 
of  constant  plate  current,  700  ma. 
For  this  end  point  the  maximum 
grid  excitation  voltage  =  240 
—  (  —  160)  =  400  volts  and  the  max¬ 
imum  alternating  voltage  across  the 
plate  tank  circuit  is  E,^^  =  2,000  — 

*  At  this  point  tho  total  instaiitanfoiis  <ur 
nut  is  is  -F-  ic  =  700  4-  23ri  =  nia 

Siuce  the  total  emission  of  the  til:iiiieiit  lur 
this  tube  is  400  ma.,  the  clioice  of  this  ot>er 
ating  point  represents  a  factor  of  safety  for 
the  Qlament  of  more  than  4. 
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INSCftT  PU6H-PIN  THROUGH 
WVtT  AT  OUCSCENT  POINT 


Fiq.  2 — The  plastic  calcu¬ 
lating  device  superim¬ 
posed  upon  the  er,-e«  char¬ 
acteristic  of  the  power 
tube.  The  calculator  is 
placed  on  the  graph  with 
its .  pivot  at  the  quiescent 
operating  point.  Q.  and 
is  then  adiusted  so  curve 
A  and  strip  G  intersect  at 
the  end  point  of  operation 
at  A.  Important  electrical 
values  are  read  off  from 
the  tube  characteristic  at 
points  where  the  straight 
line  of  strip  G  intersects 
the  various  spirals 


RECORD  CURRENTS  AT  INTERSECTION  OF 
CURVES  A.  B.C.O. E. ANO  F 


240  =  1,760  volts,  peak  value. 

The  currents  recorded  at  the  in¬ 
tersection  of  the  curves  A,  B,  C, 
D,  E,  and  F,  and  the  line  G  for  the 
case  shown  in  Fijar.  2  are 


Plate  Circuit 
.•I  =  700  ma 
B  =  075  ma 
C  =  575  ma 
D  =  400  ma 
E  =  105  ma 
F  =  2  ma 


Grid  Circuit 
.4  =  235  ma 
B  =  200  ma 
C  =  120  ma 
D  =  40  ma 
E  =  11  ma 
F  =  0  ma 


Kquations  for  the  currents  given  by 
the  Chaffee  thirteen  point  analysis 
are  as  follows: 


=  0.0833  (0.5.4  -f  B  +  CjC  f  JE 


+  F)  tP 

h  =  0.0833  (.4  +  1.93B  +  1.73r  ^  1.41 /> 
+  E  +  0.52F)  ■  ‘  (2) 

It  =  0.0833  (.4  +  1.73B  +  C  -  E  - 
l.TiF)  (3) 

It  =  0.083:1  (.4  4-  1.41B  -  1.41 />  -  2E  - 
lAlF)  (4) 

li  =  0.0833  (A  +  B  -  C  -  21)  -  E  +  F)  (5) 
h  =  0.08:13  (.4  +  0.52B  -  1.7:iC  -  1.41/> 
+  E  l.9:if’;  (0) 

h  =  0.08:i:i  (.4  -  2C  +  2E)  (7J 

h  =  0.0833  (.4  -  0.52B  -  1.7:iC’  -f  1.41  B 
-f  B  -  1.9.3^)  (8) 

h  =  0.0833  {A  -  B  -  Ci-  21)  -  E  -  F)  (9) 
It  =  0.08:i3  (.4  -  1.41B  -r  1.41B  -  2E  + 
1.41FJ  (10) 

hi  =  0.0833  (.4  -  1.73/1  +  C  -  E  + 
l.T.iF)  (11) 

/ii  =  0.083:1  (.4  -  i.9;iB  +  i.7:ir  -  i.4i// 
+  E  -  0.52FI  (12) 

/,J  =  0.08:13  (0.5.4  -  B  -h  r  -  I)  ^  E 
-  E)  (13) 


Where  /„,  represents  the  average 
current, 

1 1  represents  the  fundamen¬ 
tal  current, 

/i  represents  the  kih  har¬ 
monic  current. 

By  inserting  in  Eq.  (1),  the  plate 
curr  values  read  from  the  graph 
and  tabulated  above,  we  obtain  the 
average  plate  current:  ha  =  0.083:5 
<0.5  X  700  -f  675  -j-  575  +  400  -|- 
165  +  2)  =  180.6  ma.  From  Eq.  (2) 
we  may  obtain  the  ma.ximum  value 
of  the  fundamental  plate  current  by 
similarly  inserting  the  appropriate 
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Fig.  3 — A  set  oi  static 
characteristics  in  the 
and  ic-9b  planes  corre¬ 
sponding  to  the  9b-Bc 
curves  oi  Fig.  2.  This 
type  oi  characteristic  can 
be  used  with  the  calcula¬ 
tor  by  converting  them  to 
the  curves  oi  Fig.  4 


STATIC 

CHASACTCSISTIC  CUMVtS 


Fig.  4 — Static  curves  in 
the  Bb-Oe  plane,  con¬ 
structed  irom  Fig.  3.  with 
calculator  superimposed. 
Note  the  arrows,  radiating 
irom  point  A,  indicating 
means  ior  improving  cer¬ 
tain  types  oi  periormance 
oi  power  tubes 


current  recorded  above  /,  = 

0.0833  (700  1.93  x  675  +  1.73  x 

575  +  1.41  X  400  -f  165  -f  0.52  X  2) 
=  310.5  ma. 

From  Eqs.  (  3)  through  (13)  we  may 
obtain  in  a  similar  manner  the  maxi¬ 
mum  value  of  any  of  the  harmonics 
flowing  in  the  plate  circuit. 

In  the  grid  circuit  the  average 
grid  current  is  obtained  through  a 
similar  procedure  to  give:  h,  = 

O. 0833  (0.5  X  235  -f  200  -  120  4- 
40  -f-  11  -f-  0)  =  25.3  ma,  and  the 
maximum  value  of  the  fundamental 
grid  current  is  =  0.0833  (235  + 
1.93  X  200  +  1.73  X  120  -I-  1.41  X 
40  +  11  4-  0.52  X  0)  =  117  ma. 
Similarly  the  harmonic  amplitudes 
in  the  grid  circuit  may  be  calculated. 

With  this  information,  the  oper¬ 
ating  characteristics  of  the  amplifier 
may  bo  calculated  as  follows:  The 
power  output  is  given  by 

P. =  HE  I  ,i»  =  H  X  1760  X  0.3105  = 

273  watts 

The  d.c.  power  input  to  the  amplifier 
is  I\  =  Ebbh.  =  2000  X  0.1806  = 
361.2  watts. 

The  apparent**  plate  dissipation  is 
l\  =  Pb  -  Pb  =  361.2  -  273  =  88.2 
watts. 

This  value  is  well  within  that  spe¬ 
cified  by  the  manufacturer  as  the 
ma.ximum  allowable  plate  dissipa¬ 
tion.  The  plate  efficiency  is  then 
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Cc*  *00  mn. 

.  490 

'  Be*  400  *oci» 

The  equivalent  load  resistance, 
Ri.  may  also  be  calculated  as  follows : 


Hl  = 


L,tf 

CR.I, 


5680  ohma 


E  flat 

/flat 


1760 

310.5 


X  1000  = 


This  relation  together  with  that 
of  the  effective  selectivity 


and  the  frequency  de¬ 


sired  enables  us  to  calculate  the  con¬ 
stants  for  the  tank  circuit. 

In  the  grid  circuit,  the  driving 
power  is  given  by 


=  ^  X  400  X  0.117  =  234 

wattfi. 

The  power  supplied  to  the  grid  re¬ 
sistance  to  maintain  the  grid  bias, 
or  the  power  delivered  to  the  grid 
polarizing  source  is 
Pc  =  £^cc/rc  =  160  X  0.0253  =  4.05 
watts. 

If  a  grid  resistance  is  used  to  sup¬ 
ply  the  grid  bias,  its  value  is 


=  dSi  = 

The  apparent  power  dissipated  at 
the  grid  is  P,  =  Pj  —  P,  =  23.40  — 
4.05  =  1935  Wyatts. 

Other  assumed  positions  of  the 
end  point  of  the  path  of  operation 
may  be  investigated  in  a  similar 
manner.  When  the  results  of  these 
calculations  are  collected,  it  is  possi- 

•*  The  true  plate  dissipation  may  differ 
from  the  apparent  plate  dissipation  beeau.se 
of  the  existence  of  secondary  emission  or  ion 
currents  in  the  tube. 


-ej 


PCATC  ommcNt  mcakhi 


Fig.  5 — Regions  ol 
normally  restricted 
operation  due  to 
imitations  oi  tube 
rating 


ble  to  select  the  conditions  which 
will  best  meet  the  requirements  of 
the  problem  on  hand,  while  keeping 
within  the  manufacturer’s  tube  rat¬ 
ings.  If  complete  dynamic  character¬ 
istics  are  desired,  they  may  be  ob¬ 
tained  by  calculating  the  perform¬ 
ance  data  for  a  number  of  paths  of 
operation  whose  end  points  are 
evenly  spaced  over  the  entire  char¬ 
acteristic  surface.  These  data  may 
be  prepared  as  suggested  by  Chaf¬ 
fee  in  his  discussion  of  the  operating 
characteristics  of  power  tubes.®  One 
will  then  have  available  all  of  the  in¬ 
formation  concerning  the  possibili¬ 
ties  of  the  tube  for  the  given  polar¬ 
izing  potentials  chosen. 

An  example  of  how  the  calculator 
may  be  used  when  the  static  char¬ 
acteristics  are  not  available  on  the 
€,.—er  plane,  but  are  available  on  the 
h—CH  and  it—e„  planes  will  be  given. 
For  convenience  characteristics  for 
the  same  tube  are  used.  Naturally 
the  same  final  results  are  obtained. 

Suppose  it  is  desired  to  determine 
the  performance  of  a  tube,  operating 
as  a  Class  C  amplifier,  whose  static 
characteristics  are  shown  in  Fig.  3. 
The  maximum  variations  in  grid 
voltage  shown  in  this  figure  are  from 
er  =  —100  volts  to  Cc  =  -f500  volts, 
and  the  plate  voltage  variations  are 
from  Ct  =  0  to  Cl,  =  2500  volts.  Con¬ 
struct  the  et—ec  axes  shown  on  Fig. 
4  on  suitable  graph  paper.  The  vol¬ 
tage  scales  for  these  axes  are  se¬ 
lected  to  include  at  least  the  maxi¬ 
mum  voltage  variation  mentioned 
above.  It  is  convenient  to  draw  on 
Fig.  4  the  line  of  zero  plate  current. 
This  is  approximately  a  straight  line 
passing  through  the  origin  of  the 
e^—ec  plane,  having  a  slope  equal  to 
the  negative  of  the  amplification  fac¬ 
tor  of  the  tube.  Now  the  manufac¬ 
turer’s  specifications  for  a  tube 
usually  give  the  maximum  plate  vol¬ 
tage  that  is  permissible  in  this  class 
of  service.  Using  this  value  of  vol¬ 
tage  which  is  consistent  with  the  re¬ 
quirements  of  maximum  power  out¬ 
put  and  efficiency  for  the  tube,  we 
may  now  select  the  grid  polarization 
to  be  used.  This  voltage  may  be 
chosen  as  twice  the  cut-off  value. f 
This  establishes  the  quiescent  point, 
as  indicated  in  Fig.  4.  Construct  a 
line,  OAK,  on  the  c*— plane  for 
e^—€r.  On  this  line  indicate  the  point 
at  which  the  instantaneous  plate  cur¬ 
rent  is  approximately  three  times  the 
maximum  average  plate  current  al¬ 
lowable.  This  point  will  now  be  used 


as  the  end  point  of  the  path  of  op¬ 
eration  as  is  indicated  in  Fig.  4.  A 
numerical  example  will  be  carried 
through  for  this  end  point.  If  sim¬ 
ilar  calculations  are  carried  through 
for  others  in  the  neighborhood  of 
this  one,  the  conditions  of  operation 
which  are  best  suited  to  the  design 
requirements  and  which  are  within 
the  manufacturer’s  limitations  speci¬ 
fied  for  safe  operating  conditions, 
may  be  found.  If  the  above  procedure 
is  followed,  the  operating  condition.^ 
which  will  be  obtained  will  be  very 
nearly  the  correct  conditions  for  the 
tube.  If,  instead  of  using  the  line 
e^^Cc,  we  use  a  line  e»=0.8c„  it  is 
possible  that  the  power  output  and 
efficiency  may  be  slightly  better  than 
in  the  former  case. 

After  adjusting  the  calculating  de¬ 
vice  as  indicated  in  the  previous  ex¬ 
ample,  we  may  tabulate  the  voltages, 
both  plate  and  grid,  which  lie  under 
the  intersection  of  the  arm  G  and 
the  curves  A  through  F  fis  follows: 

A  B  C  E  F 

u  240  300  475  755  1120  1550 

i.  240  225  185  120  40  -60 

At  the  points  indicated  in  the  I'k— c, 
diagram.  Fig.  3,  we  may  read  the  in¬ 
stantaneous  plate  current  that  exists 
at  these  points.  Similarly,  on  the 
ic  —  Ci  diagram  we  may  read  the  in¬ 
stantaneous  grid  currents.ft  For  the 
case  illustrated  they  are 

ABODE  F 
ik  700  675  575  400  165  2 

ic  235  200  120  40  11  0 

We  may  now  substitute  these  instan¬ 
taneous  values  of  current  in  the 
equation  given  previously  and  pro¬ 
ceed  with  the  calculations  in  a  sim¬ 
ilar  manner  to  that  done  in  the  first 
example. 

The  arrow  directions  shown  in 
Fig.  4  indicate  the  general  way  the 
operating  conditions  vary  as  the 
end  point  of  the  path  of  operation  is 
moved  within  the  region  enclosed  by 
the  dotted  lines.  If,  for  example, 
efficiency  is  a  primary  consideration, 
we  may  choose  to  move  .4  in  the  di¬ 
rection  (d).  This  will  increase  the 
efficiency  and  equivalent  plate  resis¬ 
tance  required,  but  will  reduce  the 
power  output.  There  will  be  but 

t  Till*  viiln*'  of  fwico  cut-off.  nllhc'iu''i 
wiili-Iy  used  is  not  an  optininiii.  Kxiiorifiic'' 
witli  a  variety  of  tiities  inilicatcs  that  1  'i 
tiiiH  s  cut  (iff  voltage  is  more  nearly  i  orr* '  t 


tt  Vote  tiiat  these  values  ilo  not  form  a 
straiglit  line  when  plotted  in  Kig.  H.  The  dif 
ference  is.  of  course,  due  to  the  hannonii' 
currents  which  flow. 

{Contmued  on  poge  158) 
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CIRCUIT  ELEMENTS  IN 


Electrical  Remote  Control 

PART  2 

Relays  are  used  to.  solve  many  industrial  and  eoniiminieations  problems.  Tliev  are  eapahle 
of  providing  time  delay,  generating  impulses,  handling  interloek  requirements  and  per¬ 
forming  seleetion  funetions.  Methods  of  utilizing  (piiek-acting,  slow-operating,  slow-releas¬ 
ing.  polarized,  doidile-wound  and  rotary-sw  iteh  tvpes  for  these  purposes  are  discussed  here 


TO  THE  UNINITIATED,  circuit 
diagrams  of  electrical  remote 
control  apparatus  such  as  the  auto¬ 
matic  or  dial  telephone  ma.v  appear 
to  be  extremely  complex.  Yet  all 
such  remote  control  apparatus  con¬ 
sists  of  combinations  of  more  or  less 
standard  circuit  elements  which  are 
in  themselves  simple. 

Circuit  elements,  in  the  main, 
break  down  into  four  distinct  classi¬ 
fications.  These  are:  time  delay,  im¬ 
pulse,  interlock  and  selection. 

Time  Delay  Methods 

Time  delay  has  as  its  function  the 
performance  of  circuit  switching  op¬ 
erations  in  proper  secpience.  In  a 
radio  transmitter,  for  example,  it  is 
frequently  necessary  that  tube  cath¬ 
ode  voltages  be  applied  before  anode 
voltages.  While  there  are  many  dif¬ 
ferent  types  of  mechanical,  electri¬ 
cal  and  electronic  timers,  it  is  often 
desirable  to  use  relatively  simple 
telephone  type  relays  to  achieve  time 
delay. 

Figure  lA  shows  a  .scheme  in 
which  quick-acting  relay  .4,  equipped 
with  an  adjustable-weight  armature 
spring  and  used  in  conjunction  with 
slow-operate  relay  B,  provides  oper¬ 
ate  delays  up  to  approximately  2  sec. 
When  the  initiator  key  is  clo.sed  re¬ 
lay  A  is  energized  by  a  battery  or 
other  power  supply  and  its  armature 
spring  pulls  up  but  the  weight  on 
the  armature  causes  the  spring  to 
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vibrate  and  make  and  break  contact 

1  for  .some  time  before  it  settles 
down  in  the  pulled-up  condition.  As 
the  armature  vibrates,  increasingly 
longer  current  pulses  flow  through 
relay  B.  As  .soon  as  the  length  of 
the  impulse  transmitted  exceeds  the 
pick-up  time  of  B,  the  latter  oper¬ 
ates  and  closes  or  opens  circuits  to 
other  equipment. 

A  similar  arrangement,  shown  in 
Fig.  IB,  is  available  for  release  de¬ 
lays  of  from  1  to  15  sec.  Energizing 
of  relay  .4  closes  contact  1  and  oper¬ 
ates  relay  B.  Then,  when  the  circuit 
to  .4  is  opened,  the  weighted  arma¬ 
ture  spring  vibrates  between  .springs 

2  and  3,  transmitting  decreasingly 
shorter  imi)ul.se.s  to  B  through  con¬ 
tact  4  of  B,  which  temporarily  re¬ 
mains  clo.sed  as  B  is  a  slow-release 
type  relay.  B  dn)ps  out  when  the 
length  of  the  impulse  becomes  less 
than  its  release  time. 

Figure  1C  illustrates  a  combina¬ 
tion  slow-operate  and  slow-release 
arrangement  using  a  large  capacitor 
Z.  Voltage  from  the  control  circuit 
divides  and  part  of  it  goes  through 
winding  .r  while  the  rest  goes 
through  the  capacitor  and  winding  //. 


Since  windings  x  and  y  produce  op¬ 
posite  flux,  the  relay  will  not  operate 
until  the  capacitor  has  approached 
full  charge,  when  current  flow 
through  winding  y  ceases.  The  relay 
is  then  operated  by  the  current  flow¬ 
ing  through  winding  x.  On  opening 
the  control  circuit,  the  capacitor  dis¬ 
charges  through  windings  x  and  y 
in  a  series-aiding  direction,  holding 
the  relay  operated  until  the  capaci¬ 
tor  approaches  a  discharged  condi¬ 
tion. 

Impulse  Generators 

Remote  control  selection  is  fre¬ 
quently  accomplished  by  transmis¬ 
sion  of  current  impulses.  Conse¬ 
quently,  impulse  generators  play  a 
very  important  role.  The  ordinary 
telephone  dial  is  a  mechanical  im¬ 
pulse  generator.  The  capacitor-relay 
combination  shown  in  Fig.  1C  may 
have  its  control  circuit  wired  through 
a  break  contact  and  thus  become  an 
electrical  impulse  generator,  operat¬ 
ing  in  very  much  the  same  manner 
as  does  an  electric  bell  or  buzzer. 
Such  a  contact  is  shown  at  I  in  Fig. 
2A.  Time  delay  features  similar  to 
that  of  Fig.  1C  provide,  in  this  in¬ 
stance,  control  of  impulse  timing 
rate.  The  length  of  the  impulses 
may,  for  example,  be  varied  by 
changing  the  size  of  the  capacitor. 

Figure  2B  shows  a  chain  of  re¬ 
lays,  wherein  relay  .4  is  operated 
from  a  control  circuit.  Relay  .4  oj)- 
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riG.  1-  (lA)  Slow  operating  combina¬ 
tion.  (IB)  Slow  releasing  combination. 
(1C)  Time  delay  circuit  using  capacitor 
and  double-wound  relay 

erates  relay  B  and  relay  B  operates 
relay  C  and-C  opens  the  circuit  to  A. 
Relays  A,  B  and  C  then  release  suc¬ 
cessively  and  the  cycle  is  repeated, 
thus  generating  impulses  on  C  at  a 
rate  dependent  upon  the  number  of 
relays  in  the  chain  and  the  operate 
and  release  time  characteristics  of 
the  individual  relays.  Such  an  im¬ 
pulse  generator  may  be  used  in  con¬ 
junction  with  a  rotary  switch,  as 
shown,  to  successively  step  the  ro¬ 
tary  switch  wiper.  One  specific  ap¬ 
plication  is  the  case  of  an  airplane 
engine  under  test,  where  thermo¬ 
couple  leads  are  progressively  con¬ 
nected  to  a  pyrometer. 

In  telephone  and  telegraph  prac¬ 
tice  the  character  of  an  impulse  may 
become  so  altered  by  line  resistance 
and  capacity  that  the  impulse  at  the 
remote  end  is  incapable  of  reliably 
operating  the  final  equipment.  Some 


means  must  then  be  used  to  restore 
the  character  of  the  received  im¬ 
pulse.  A  relay  combination  which 
accomplishes  this  is  shown  in  Fig. 
2C.  The  received  impulse  operates 
fast-operate  relay  A,  which  locks  it¬ 
self,  by  closing  contact  1,  to  contact 
2  on  B.  Operation  of  relay  A  also 
energizes  slow-operate  relay  B  by 
closing  contact  3  and  simultaneously 
closes  local  repeated  impulse  circuit 
p.  As  soon  as  B  operates,  it  opens 
the  locking  circuit  to  A,  thus  allow¬ 
ing  A  to  release.  The  repeated  im¬ 
pulse  then  is  equal  to  the  operate 
time  of  relay  B  plus  the  release 
time  of  A,  regardless  of  the  length 
of  the  received  impulse,  provided  the 
impulse  is  at  least  long  enough  to 
operate  A  and  no  longer  than  the 
operate  time  of  A  plus  B.  If  there  is 
a  possibility  that  the  received  im¬ 
pulse  will  be  longer  than  the  operate 
time  of  A  plus  B  then  repeated  im¬ 
pulse  circuit  q  may  be  employed,  in 
which  case  the  repeated  circuit  is 
opened  as  soon  as  B  operates. 

If  a  received  impulse  is  alw'ays  of 
the  same  length  but  this  length  is 
too  short  to  reliably  operate  local 
equipment,  then  the  simple  pulse¬ 
lengthening  circuit  shown  in  Fig.  2D 
may  be  used.  In  this  case,  A  is  a 
fast-operate  type  relay  which  func¬ 
tions  satisfactorily  on  a  short  im¬ 
pulse,  but  is  slightly  slow-release  in 
character  because  of  its  parallel  non- 
inductive  resistor  shunt.  Thus  the 
repeated  impulse  is  lengthened  by 
the  amount  by  which  the  release 
time  of  A  is  longer  than  its  operate 
time. 

Interlock  Devices 

Interlock  circuits  may  be  broadly 
classified  as  simple  interlock  and 
lockout-interlock  types. 

In  the  simple  interlock  circuit  of 
Fig.  3 A,  when  relay  .4  is  energized 
from  a  pushbutton  it  locks  itself 
operated  by  closing  contact  1.  Op¬ 
erating  the  second  key  operates 
relay  B  and  releases  .4  by  opening 
contact  2.  A  circuit  of  this  kind  may 
be  used  wherever  it  is  necessary  to 
rc2cmplish  a  power  function  by  the 
mrmentary  closure  of  a  pushbutton 
and  then  to  discontinue  that  func¬ 
tion  by  the  momentary  closure  of 
another  pushbutton.  It  is  often  used 
in  conjunction  with  selection  equip¬ 
ment  wherein  the  pushbuttons  are 
snecific  contacts  ( dialed  numbers, 
for  example)  on  the  selection  switch 
and  where,  because  of  various  other 


functions  to  be  performed,  the  selec¬ 
tion  switch  cannot  be  allowed  to  re¬ 
main  on  the  selected  contacts  for 
the  full  time  that  it  is  desired  to 
keep  the  power  function  in  opera¬ 
tion.  Remote  control  of  radio  trans¬ 
mitters,  where  one  of  several 
transmitters  must  be  turned  on  by 
dialing  a  number  and  then  one  of 
several  frequencies  must  be  selected 
by  dialing  a  second  number,  is  an 
example.  In  a  case  of  this  kind, 
several  A  selection  relays  may  be 
locked  to  one  B  release  relay  and  all 
selections  released  at  once  by  dialing 
the  release  number. 

A  variation  of  this  same  kind  of 
circuit,  but  using  a  single  relay  in¬ 
stead  of  two  relays,  is  show'n  in 
Fig.  3B.  Closing  the  “on”  pushbut¬ 
ton  operates  the  relay  through  wind¬ 
ing  X  and  the  relay  locks  itself  oper- 


generator  operating  rotary  switch.  (2C) 
Impulse  regenerator.  (2D)  Impulse  repeater 
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ated  by  closing  contact  1.  Contact  2, 
included  to  prevent  accidental  opera¬ 
tion  of  the  relay  by  operation  of  the 
“off”  button,  is  simultaneously 
closed.  When  winding  x  has  first 
been  energized,  closing  the  “off”  but¬ 
ton  energizes  winding  y  in  opposi¬ 
tion  to  winding  x  and  causes  the 
relay  to  release. 

Another  variation  of  the  inter¬ 
lock  relay  is  shown  in  Fig.  3C.  The 
first  time  the  pushbutton  is  operated, 
relay  A  operates  on  winding  y  and 
locks  itself  operated  by  closing  con¬ 
tact  1.  Contact  2  is  opened.  Relay 
B  windings  x'  and  y'  are  energized 
but,  since  these  windings  are  in  op¬ 
position,  relay  B  does  not  operate. 
When  the  initiating  pushbutton  is 
released,  winding  x'  of  relay  B  is 
de-energized  and  consequently  relay 


B  operates,  opening  contact  3  and 
closing  contact  4.  When  the  push¬ 
button  is  again  closed,  winding  x 
of  relay  A  is  energized  through  con¬ 
tact  4  of  relay  B.  Since  winding  x  is 
connected  in  opposition  to  winding 
y,  relay  A  relea.ses  and  contact  2 
closes.  Winding  y'  of  relay  B  re¬ 
mains  energized,  at  first  through 
contact  1  of  relay  A  and,  after  A 
releases,  through  contact  2  of  relay 
A  and  the  pushbutton.  When  the 
pushbutton  is  released,  winding  y' 
of  relay  B  is  de-energized  and  relay 
B  releases,  opening  contact  4  and 
closing  contact  3  to  restore  the  or¬ 
iginal  circuit  condition.  In  brief, 
then,  relay  A  operates  at  the  begin¬ 
ning  of  every  other  closure  of  the 
initiating  key  and  B  operates  at  the 
end  of  every  other  closure.  Relays 


A  and  B  release  at  the  beginning 
and  end,  respectively,  of  the  inter¬ 
mediate  operations  of  the  key.  A 
circuit  of  this  nature  is  useful  when 
it  is  desired  to  perform  two 
functions  over  a  single  line,  without 
the  necessity  of  having  current  flow¬ 
ing  in  the  line  after  the  selections 
have  been  made. 

A  variation  of  this  same  scheme  is 
shown  in  Fig.  3D.  The  first  closure 
of  the  initiating  key  connects  the 
negative  terminal  of  the  energizing 
battery  or  pow’er  supply  to  B  through 
contact  1  and  contact  2,  thus  operat¬ 
ing  B.  As  soon  as  B  operates,  it 
prepares  a  circuit  for  A  through 
contact  3  but,  since  relay  A  is  effec¬ 
tively  short-circuited  inasmuch  as 
both  ends  of  the  coil  are  connected 
to  the  negative  power  supply  ter¬ 
minal,  A  does  not  operate.  As  soon 
as  the  initiating  key  is  opened  relay 
A  is  no  longer  short-circuited  and 
operates  in  series  with  B.  Operation 
of  A  changes  the  polarity  of  voltage 
appearing  at  the  contacts  of  the 
initiating  key  from  negative  to  posi¬ 
tive  and  also  closes  contact  4.  The 
next  time  the  key  is  closed,  relay  A 
is  held  operated  through  contact  3 
and  relay  B  releases  because  it  is 
effectively  short-circuited.  Opening 
the  key  again  allows  A  to  release. 
As  in  Fig.  3C,  one  relay  operates  at 
the  beginning  of  every  other  closure 
and  the  other  relay  at  the  end  of 
every  other  closure.  The  circuit  of 
Fig.  3D  is  slightly  slower  in  opera¬ 
tion  than  that  of  Fig.  3C  because  of 
the  shunting  method  of  operation  but 
has  the  advantage  of  utilizing  single¬ 
wound  relays.  The  fact  that  both 
battery  or  power  supply  legs  are 
connected  to  one  .set  of  springs  on 
relay  .4  introduces  a  possible  source 
of  trouble  from  short-circuits  at  this 
point  under  improper  conditions  of 
relay  adjustment  and,  consecjuently, 
it  is  desirable  to  introduce  a  slight 
amount  of  resistance  into  the  power 
circuit  to  limit  any  such  shorting 
current. 

A  lockout-interlock  relay  arrange¬ 
ment  is  shown  in  Fig.  3E.  This  type 
of  circuit  prohibits  interference  by 
the  operation  of  a  second  key  while 
a  selection  is  in  progress  from  a  first 
key.  For  example,  if  key  a  is  oper¬ 
ated,  relay  .4  is  energized  through 
its  contact  1,  similar  contacts  on 
relays  B  and  .V,  contact  2  and  con¬ 
nection  through  a  resistor  to  the  bat¬ 
tery,  Contact  3  is  arranged  to  close 
before  contacts  1  and  2  open,  thus 


FIG.  3-  (3A)  Simple  interlock  circuit.  (3B)  Interlock  using  one  double¬ 
wound  relay.  (3C)  Alternate  on-and-oii  interlock.  (3D)  Another  alternate  on- 
and-oii  interlock  scheme.  (3E)  Lockout-interlock  system.  (3F)  Lockout-interlock 
system  using  seli-locking  relays 
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relay  A  remains  energized  through  winding  x  of  relay  B  and  operates  is  released  by  the  operation  of  the 
contact  3  after  it  initially  operates,  relay  B  through  a  chain  circuit  release  key,  even  though  mechani- 
As  soon  as  relay  A  operates,  how-  starting  at  contact  1  and  running  cally  non-locking  selection  keys  are 
ever,  it  is  impossible  to  operate  the  through  similar  contacts  of  all  other  used.  It  is  used  when  a  selection 
other  relays  because  the  battery  cir-  relays  in  series  to  the  battery  at  the  once  made  must  not  be  interfered 
cuit  has  been  opened  at  contact  1.  end  of  the  chain.  As  soon  as  relay  with  by  the  operation  of  other  ini- 
If  two  keys  are  operated  simultane-  B  operates,  the  battery  is  connected  tiating  keys  until  the  first  selection 
ously,  then  the  relay  nearest  the  bat-  through  contact  2,  winding  y  of  re-  function  is  concluded.  It  is  obvious 
tery  (in  this  case  relay  A)  remains  lay  B,  to  ground  at  the  release  key.  that  the  release  key  could  be  re¬ 
operated  while  the  other  relay  oper-  Winding  y  of  relay  3  is  thus  ener-  placed  by  a  break  contact  on  a  re- 
ates  momentarily  and  immediately  gized  so  relay  B  is  held  operative,  lease  relay,  which  could  be  automati- 
releases.  A  circuit  of  this  nature  The  x  winding  circuits  for  all  relays  cally  operated  after  some  sequence 
might  be  used  on  a  radio  transmit-  is  simultaneously  opened  at  contact  of  events  initiated  by  the  selection 
ter  which  has  to  be  operated  alter-  3  of  relay  B.  If  two  keys  are  de-  had  been  completed, 
nately  from  two  or  more  separate  pressed  simultaneously  and  the  as- 

sources  of  modulation,  where  regula-  sociated  relays  operate  simultane-  Selection  Circuits 

tions  require  protection  against  ously,  the  relay  nearest  the  battery  Selection  circuit  elements  are 
simultaneous  connection  of  several  end  of  the  chain  will  remain  oper-  probably  the  most  basic  of  all  elec- 
speech  amplifiers  to  the  transmitter,  ated  while  the  other  relays  will  op-  trical  remote  control  tools.  They  are 
Another  lockout-interlock  arrange-  erate  momentarily  but  quickly  the  design  starting  point,  insofar 
ment  is  shown  in  Fig.  3F.  Operation  restore.  This  circuit  provides  for  as  desired  end-actions  are  concerned, 
of,  for  example,  key  h  energizes  the  locking  of  any  selection  until  it  when  it  is  desired  to  perform  one 


over  a  small  number  of  wires.  Many 
applications  require  such  wiring 
simplification.  In  a  general  way,  se¬ 
lection  circuits  are  divided  into  four 
basic  groups.  These  are :  direct,  step, 
time-relation  and  continuous  types. 

Direct  selection  is  that  type  of  con¬ 
trol  involved  in  closing  a  single 
switch  to  perform  a  single  function, 
as  in  Fig.  4A.  The  insertion  of  a  re¬ 
lay  between  the  switch  and  the  load 
permits  the  control  of  a  large  amount 
of  power  at  a  distance  without  the 
necessity  for  a  heavy-duty  switch 
and  heavy  inter-connecting  wiring. 

By  employing  a  polarized  relay, 
either  one  of  two  selections  may  be 
made  over  a  single  wire,  as  illus¬ 
trated  in  Fig.  4B.  Throwing  the  key 
to  the  right  operates  the  polarized 
relay  in  one  direction,  while  throw¬ 
ing  the  key  to  the  left  operates  the 
polarized  relay  in  the  other  direction. 

A  somewhat  more  elaborate  means 
of  direct  selection  is  the  “coded” 
method  shown  in  Fig.  4C.  Selection 
is  accomplished  by  actuating  one  or 
more  of  the  initiating  keys,  to  ener¬ 
gize  one  of  several  circuit  paths.  The 
number  of  possibilities  is  equal  to 
2"  —  1,  where  n  equals  the  number  of 
relays.  This  is  true  since  the  condi¬ 
tion  applying  when  none  of  the  relays 
are  energized  is  not  generally  con¬ 
sidered  a  selection. 

Figure  4D  represents  perhaps  the 
simplest  of  step-by-step  selection 
schemes,  utilizing  a  type  of  rotary 
switch  having  both  rotary  and  re¬ 
lease  magnets.  Successive  closures 
of  the  operate  key  advance  the  rotary 
{Continued  on  page  167) 
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tIEl.  (4A)  Simple  direct  selection  scheme.  (4B)  Direct  selection  using 

polarized  relay.  (4C)  Coded  selection  method.  (4D)  Simple  step-by-step  selec¬ 
tion  system  using  switch  with  separate  rotation  and  release  magnets.  (4E)  An¬ 
other  step-by-step  selection  method.  (4F)  Relay  "coimting  chain."  (4G)  Elemental 
time-relation  selection  system 
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Fig.  1 — Functional  block  diagram  illustrating  the  application  ol 
the  harmonic  wave  analyzer  and  its  essential  component  circuits. 
Photograph  oi  completed  instrument,  from  rear,  shown  below 


Simple  HARMONIC 
WAVE  ANALYZER 

By  R.  F.  THOMSON 

Cnmhrulge,  ilamt. 


Speed  of  tet^tino;  and  insipeetioii  of  audio  fretpiency  devices  is  facilitated  tlirough  use  of  a 
simple  amplifier-filter-rectifier  instrument,  desijined  to  read  directly  the  amount  of  second 
and  third  harmonic  distortion 


The  primary  requisites  of  any 
audio  amplifier  are  uniform  fre¬ 
quency  response  and  freedom  from 
distortion.  The  frequency  response 
can  readily  be  found  by  point  to 
point  measurements  with  relatively 
inexpensive  equipment.  The  har¬ 
monic  distortion  is  a  difficult  prob¬ 
lem  to  solve,  since  it  is  done  by  an¬ 
alysis  of  the  wave  shape,  which  is  a 
tedious  job,  or  by  means  of  a  wave 
analyzer  which  involves  an  expen¬ 
sive  piece  of  apparatus. 

A  simple  and  relatively  inexpen¬ 
sive  harmonic  wave  analyzer  has 
been  desijrned  and  constructed  which 
provides  a  mean.®  for  determining 
the  second  and  third  harmonic  con¬ 
tent  of  an  amplifier  or  similar  piece 
of  apparatus  operating  in  the  audio 
frequency  range.  Fundamentally 
the  method  is  based  on  the  assump¬ 
tion  that  the  harmonic  content  of 
the  equipment  under  discussion  is 
reasonably  independent  of  fre¬ 
quency.  This  assumption  is  fulfilled 


quite  well  in  audio  amplifiers  so 
long  as  the  output  load  is  a  pure 
resistance.  The  instrument  for 
making  these  harmonic  measure¬ 
ments  operates  on  the  same  principle 
as  that  of  a  wave  analyzer.  An  ad¬ 
justable  sinusoidal  voltage  of  fixed 
frequency  is  applied  to  the  equip¬ 
ment  under  test  and  a  variable  gain 
amplifier  incorporated  as  part  of  the 
wave  analyzer  is  adjusted  until  the 
output  meter,  fed  through  a  filter 
of  fundamental  frequency,  reads 
100  percent.  The  reading  is  also  ob¬ 
tained  for  the  magnitudes  of  the  sec¬ 
ond  and  third  harmonics,  respec¬ 
tively,  by  noting  the  meter  reading 
when  the  appropriate  filter  is 
switched  into  the  circuit. 

As  shown  in  the  block  diagram  of 
F'ig.  1,  the  fundamental  parts  of 
this  instrument  are  an  isolating 
amplifier,  band-pass  filters,  a  voltage 
amplifier,  a  rectifier  and  meter.  The 
first  amiilifier  is  used  to  isolate  the 
instrument  from  the  circuit  under 


test.  The  band-pass  filters  are  tuned 
to  pass  only  the  desired  funda¬ 
mental,  second  or  third  harmonic 
frequencies.  Following  the  filters  is 
a  two-stage  audio  amplifier  feeding 
a  diode  rectifier  which  in  turn  actu¬ 
ates  a  milliammeter  having  a  range 
of  0-1  ma. 

A  schematic  wiring  diagram  of  the 
wave  analyzer,  complete  with  power 
supply  is  shown  in  Fig.  2.  A  type 
6J7  connected  as  a  triode,  and  trans- 
former-coupled  to  the  filter,  is  used 
in  the  first  stage.  This  stage  must 
be  free  from  harmonics  and  must  be 
capable  of  feeding  sufficient  voltage 
into  the  fitter.  Several  methods  of 
feeding  the  filter  without  a  trans¬ 
former  were  tried  but  none  were 
satisfactory  due  to  the  low  imped¬ 
ance  of  the  filter.  The  matching 
transformer  T,  has  a  turns  ratio  of 
3.6  to  1  and  is  a  universal  plate-to- 
line  transformer  of  good  quality. 
This  reflects  a  load  of  approximately 
7,500  ohms  back  to  the  plate.  The 
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were  receiving  type  radio  frequency 
choke  coils  with  sufficient  turns  re¬ 
moved  to  give  the  desired  induc¬ 
tance.  These  inductances  were  meas¬ 
ured  by  resonating  them  at  the  de¬ 
sired  frequency  with  laboratory 
standard  condensers.  The  filter  con¬ 
densers  were  chosen  by  again  reso¬ 
nating  them,  with  the  corresponding 
inductance,  at  the  desired  frequency. 
This  procedure  was  followed  with 
each  of  the  three  arms  of  each  filter. 
It  is  essential  that  the  coils  of  the 
filters  be  of  a  relatively  high  Q  to 
lessen  the  losses  throughout  the  pass 
band.  For  this  reason  available 
iron-core  coils  were  not  feasible.  The 
Q  of  these  coils  is  about  10  which 
provides  an  attenuation  of  about  16 
db  over  the  pass  band.  Values  for 
the  various  parameters  of  the  filters 
are  given  in  Fig.  3.  These  filters 
gave  approximately  71  db  attenua¬ 
tion  at  the  unwanted  frequencies. 

Because  the  voltage  output  of  the 
filters  is  very  small  (a  maximum  of 
0.07  volts),  two  additional  stages  of 
amplification  are  necessary  to  raise 
this  voltage  to  a  reasonable  amount. 
This  is  accomplished  by  means  of  a 
605  connected  as  a  conventional  volt¬ 
age  amplifier,  and  resistance  coupled 
to  the  succeeding  stage.  Distortion 
in  this  stage  is  of  no  consequence  as 
the  change  of  wave  shape  would  only 
tend  to  cause  a  slight  change  of  the 
meter  reading  which  would  auto¬ 
matically  be  compensated  for  in  the 
calibration. 

The  signal  is  then  amplified  by 
the  triode  portion  of  a  type  75  and 
is  then  fed  into  the  diode  section  of 
the  tube  w’hich  acts  as  a  full  wave 
rectifier.  The  rectified  current  is 
read  from  the  0-1  milliammeter. 
This  type  of  metering  circuit  was 
{Continued  on  page  155) 
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Fig.  2 — Schematic  wiring  diagram  oi  the  harmonic  analyzer 


filters  provide  a  reactive  load  at  fre¬ 
quencies  removed  from  the  pass  fre¬ 
quency  so  this  stage  has  to  be 
matched  near  the  point  of  maximum 
power  transfer. 

Filter  Considerations 

The  band-pass  filters  used  in  this 
instrument  w’ere  of  the  conventional 
constant  K  prototype  T  section  type. 
The  input  or  characteristic  imped¬ 
ance  of  this  filter  was  600  ohms  and 
the  bandwidth  500  cps.  As  the  in¬ 
put  and  output  inductances,  *Li,  are 
independent  of  the  frequency  and  a 
function  of  only  the  characteristic 
impedance  and  bandwith,  they  w'ere 
connected  directly  into  the  circuit 
ahead  of  the  band  switch.  The  in¬ 
ductance  used  in  this  part  was  a 
telephone  retardation  coil  with  the 
iron  core  removed.  These  coils  have 
an  inductance  of  0.191  henry  and  a 
comparatively  high  Q.  The  coils  Lj 
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Fig.  3 — Diagram  oi  band  pass  filters,  with 
circuit  constants  for  filters  for  fundamental, 
second  harmonic  and  third  harmonic 
frequencies 
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Fig.  4 — Circuit  connections  used  in  calibrating  the  harmonic 
analyzer 


Fig.  5 — Typical  calibration  curve  for  analyzer.  The  harmonic 
content  in  percent  is  directly  readable  from  meter  indication 
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Energy  Storage 

WELDING  CONTROLS  .  .  .  Part  5 


Resistance  weldings  of  non- 
ferrous  metals  re(|iiires 
larger  currents  of  shorter 
duration.  This  greatly  in¬ 
creases  the  peak  power  de¬ 
mand  upon  an  industrial 
plant’s  a-c  line.  Magnetic 
and  electrostatic  energy  stor¬ 
age  systems  described  here 
reduce  the  hurden 
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Capacitor  discharge  control  applied  to  a  stored  energy  type  welder  which  handles 
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insufficient  current  flows  in  the  sec¬ 
ondary  to  heat  the  work  appreciably 
during  this  energy  storage  phase. 

When  -the  primary  current  has 
reached  a  value  sufficient  to  store 
enough  energy  in  the  transformer  to 
weld  the  particular  metal  being 
worked,  the  primary  circuit  is 
opened.  Stored  energy  is  released 
and,  since  it  cannot  dissipate  itself 
in  the  opened  primary  circuit,  a  high 
current  at  low  voltage  is  developed 
in  the  secondary  circuit.  This  pro¬ 
duces  sufficient  heat  to  weld  the 
material  between  the  electrodes. 
Welding  current  in  such  a  system  is 
characterized  by  a  rapid  rise  to  the 
maximum  value  and  a  somewhat 
slower  decay.  It  may  be  seen  that 
by  controlling  the  current  value  at 
which  the  primary  circuit  is  opened 
a  wide  range  of  controlled  secondary 
circuit  currents  may  be  obtained. 

The  circuit  elements  are  illustrated 
in  Fig,  lA.  Fig.  IB  depicts  the 
primary  and  secondary  currents  in 
the  welding  transformer.  The  pri¬ 
mary  interrupting  means,  shown 


simply  as  a  switch  in  Fig.  lA,  is 
actually  a  series  of  contractors  so 
arranged  that  they  may  be  progres¬ 
sively  and  automatically  operated  to 
introduce  series  resistors  until  op¬ 
eration  of  the  last  contactor  com¬ 
pletely  opens  the  circuit.  The  con¬ 
tactors  are  actuated  by  a  series- 
current  relay  which  may  be  adjusted 
over  a  wide  range  to  govern  the 
energy  stored  for  the  weld. 

Power  Supply  Considerations 

While  magnetic  energy  storage 
welders  may  be  operated  from  any 
d-c  source  of  suitable  voltage  and 
current  capacity  (usually  130  to  170 
volts  at  a  peak  current  of  from  200 
to  1500  amp),  they  are  almost  in¬ 
variably  supplied  through  rectifiers. 
Very  few  industrial  plants  have  d-c 
systems  of  sufficient  capacity  and  the 
use  of  rectifiers  also  provides  addi¬ 
tional  refinements  of  control.  The 
basic  rectifier  is  three-phase,  half¬ 
wave  in  character,  using  ignitrons 
anode  fired  through  phanotrons 


(high-vacuum  diodes).  An  anode 
transformer  suitable  for  the  supply 
voltage  and  frequency  and  the  output 
voltage  required  is  provided  along 
with  necessary  protective  devices. 
The  basic  rectifier  is  illustrated  sche¬ 
matically  in  Fig.  2.  The  ignitrons  are 
operated  in  the  usual  maner,  with 
phanotrons  providing  an  unidirec¬ 
tional  current  pulse  to  the  ignitor  at 
the  beginning  of  each  positive  half 
wave  to  ionize  the  ignitron  and  per¬ 
mit  it  to  pass  current.  The  rectify¬ 
ing  action  of  the  phanotrons  prevents 
reverse  current  through  the  ignitors 
during  negative  half  cycles.  This  type 
of  rectifier  is  capable  of  passing  very 
high  current  of  short  duration,  us¬ 
ing  relatively  small  tubes.  On  a  duty- 
cycle  basis  the  tubes  may  be  operated 
at  ratings  similar  to  those  used  for 
a-c  welders  with  the  exception  that 
peak  current  ratings  are  based  on 
the  capabilities  of  a  single  tube  and 
average  ratings  on  three  tubes  in 
parallel. 

Voltage  Control  Method 
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Fig.  1 — Schematic  illustrating  basic  ele¬ 
ments  of  magnetic  energy  storage  spot 
welder  circuit  and  curves  showing  cur¬ 
rents  obtained  in  the  associated  trans¬ 
former 


Fig.  2— Elementary  diagram  of  three- 
phase,  half-wave  ignitron  power  certifier 
for  magnetic  energy  storage  spot  welder 


Fig.  3 — Circuit  showing  a  method  of  phase¬ 
controlling  the  output  voltage  of  a  single 
tube  ignitron  rectifier  and  graphical  analy¬ 
sis  of  the  resulting  relationship  between 
grid  and  anode  voltages.  Three  such  cir¬ 
cuits  would  be  used  to  control  the  recti¬ 
fier  of  Fig.  2.  one  in  each  leg,  with  the 
control  rheostats  ganged 


Fig.  4 — Block  diagram  of  elemental  electro¬ 
static  energy  storage  spot  welder  circuit 
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For  operation  of  larger  welders  of 
the  magnetic  energy  storage  type, 
an  adjustable  rectifier  d-c  output  volt¬ 
age  becomes  desirable.  Large  weld¬ 
ers  may  be  called  upon  to  weld  the 
metals  for  which  the  energy  stored 
in  the  welding  transformer  must  be 
relatively  small  compared  to  the 
available  maximum.  In  attempting  to 
control  precisely  the  current  at  which 
the  primary  circuit  is  opened,  at  low 
values  of  current,  the  rate  of  rise  is 
rapid  and  any  variation  in  relay  op¬ 
erating  time  takes  on  increasing  im¬ 
portance.  By  lowering  the  applied 
d-c  voltage,  the  entire  current-time 
curve  is  flattened  and  the  same  order 
of  control  may  be  obtained  at  low 
currents  as  is  possible  at  high  cur¬ 
rents. 

A  simple  phase  control  which  may 
be  applied  to  rectifiers  to  obtain  an 
adjustable  output  voltage,  is  illus¬ 
trated  in  Fig.  3A.  This  figure  illus¬ 
trates  the  control  applied  to  a  single 
tube.  In  practice  a  similar  circuit  is 
used  for  each  ignitron,  with  the  vol¬ 
tage  control  rheostats  ganged  on  a 
single  shaft.  The  operation  of  the 
circuit  is  as  follows:  The  rheostat 
Rn  and  capacitor  C,  act  as  a  delay 
circuit  to  hold  the  grid  of  the  thyra- 
tron  negative  during  a  portion  of 
the  positive  half  cycle,  thereby  re¬ 
ducing  the  conduction  angle  of  the 
ignitron  and,  con.sequently,  the  d-c 
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Fig.  5 — Schematic  of  typical  electrostatic  energy  storage  spot  welder  charging  rectifier.  Component  parts  un¬ 
necessary  for  an  understanding  of  the  operating  principle  are  omitted  for  the  sake  of  simplicity 


output  voltaKe  of  the  rectifier.  With 
no  resistance  at  /?;,  the  thyratron 
grid  becomes  positive  at  the  same 
'time  as  the  anode  and  full  output  is 
obtained.  As  resistance  is  inserted 
at  /?:,  the  voltage  across  C,  lags  be¬ 
hind  the  anode  voltage  to  reduce  the 
output.  This  action  is  illustrated 
for  a  single  tube  in  Fig.  3B.  When 
applied  to  all  three  phases  with  an 
inductive  load,  the  wave  shapes  of 
Fig.  3B  are  modified  by  commutation 
from  one  phase  to  the  next  and  by 
the  highly  inductive  load.  The  end 
result  is  the  same,  however,  and  the 
more  complex  wave  shapes  involved 
are  omitted  for  the  sake  of  sim¬ 
plicity. 

In  practice  three-phase  rectifiers 
such  as  the  one  described  are  usually 
u.sed  to  operate  two  welding  ma¬ 
chines.  Interlocking  circuits  are  pro¬ 
vided  to  prevent  operation  of  both 
machines  at  one  time  and  selection 
of  the  proper  voltage  for  each  ma¬ 
chine  is  automatically  made  by  the 
luse  of  two  separate  voltage  adjust¬ 
ing  rheostats  and  interlocking  re¬ 
lays.  The  usual  cathode  protective 
time  delay  relays,  as  well  as  overload 
and  loss-of-water  protection,  are 
provided. 

Electrostatic  Energy  Storage 

Electrostatic  energy  storage  makes 
use  of  the  ability  of  a  capacitor  to 
store  electrical  energy.  Reduced  to 
bare  essentials,  such  a  system  re¬ 


quires  that  a  capacitor  bank  be 
charged  to  a  predetermined  voltage 
and  then  discharged  through  the 
metal  to  be  welded.  The  total  ca¬ 
pacitance,  the  voltage  to  which  it  is 
charged  and  the  inductance  and  re¬ 
sistance  of  the  discharge  path  deter¬ 
mine  the  amount  of  available  energy 
and  the  rate  at  which  it  is  delivered 
to  the  weld. 

Because  enormous  capacitors 
would  be  required  in  the  welding 
transformer  secondary  circuit  in 
view  of  the  very  low-voltages  avail¬ 
able  there,  electrostatic  energy  stor¬ 
age  welders  usually  incorporate  ca¬ 
pacitors  in  the  primary  circuit.  Pri¬ 
mary  circuit  capacitances  range  from 
120  /if  upward,  charged  to  between 
1000  and  3000  volts.  The  principal 
elements  of  one  typical  capacitor  dis¬ 
charge  welder  control  to  be  described 
are:  a  three-phase,  full-wave,  grid- 
controlled  rectifier  for  charging  the 
welding  capacitors  to  an  adjustable 
voltage  between  1000  and  3000  volts 
and  a  series-and-shunt  ignitron  sys¬ 
tem  for  discharging  the  capacitors 
into  the  welding  transformer  pri¬ 
mary.  A  block  diagram  of  the  sys¬ 
tem  is  illustrated  in  Fig.  4. 

The  rectifier  and  voltage  control 
amplifier  shown  schematically  in  Fig. 
5  consists  of  three  phanotron  tubes 
1,  2  and  3  and  three  thyratron  tubes 
4,  5  and  6.  in  a  conventional  three- 
phase,  full-wave  arrangement  fed 
from  the  three-phase  transformer 
bank  7,,  7.,  and  T .  Since  an  energy 


storage  capacitor  of  the  size  used 
acts  as  a  virtual  short  circuit,  suffi¬ 
cient  reactance  is  included  in  the 
anode  transformers  to  limit  initial 
charging  current  to  a  reasonable 
value.  In  this  particular  control,  the 
anode  transformers  deliver  3800 
volts  line-to-line  and  limit  the  short 
circuit  current  to  approximately  15 
amp  d.c. 

Analysis  of  Typical  Circuit 

Control  of  the  output  voltage  is 
obtained  by  grid-controlling  the 
three  thyratrons.  It  may  be  seen 
that  if  these  tubes  are  completely 
cut  off  all  return  paths  for  d-c  are 
blocked  and,  consequently,  full  con¬ 
trol  of  the  output  may  be  obtained 
by  controlling  these  three  tubes. 
Since  each  thyratron  operates  in 
conjunction  with  first  one  and  then  a 
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second  phanotron  and  has  two  suc¬ 
cessive  return  paths  as  long  as  its 
anode  is  positive  with  respect  to 
either  cathode,  the  possible  angle 
over  which  it  may  conduct  is  240  deg. 
instead  of  the  180  deg.  or  less  asso¬ 
ciated  with  half-wave  rectifiers. 
Therefore,  in  order  to  obtain  full 
control  over  the  entire  conduction 
angle,  a  grid  phase  control  voltage 
differing  somewhat  from  the  con¬ 
ventional  displaced  sine  wave  must 
be  used. 

In  order  to  obtain  240  deg.  con¬ 
trol,  each  thyratron  grid  is  supplied 
with  a  saw-tooth  wave  obtained  as 
follows:  Taking  the  grid  circuit  of 
tube  4  as  an  example,  grid  trans¬ 
former  Tt  supplies  a  sine  wave  vol¬ 
tage  which  is  so  displaced  that  its 
maximum  negative  value  is  reached 
as  the  anode  of  tube  4  starts  posi¬ 
tive.  This  voltage  is  rectified  by  one 
half  of  tube  7  and  is  used  to  charge 
capacitor  C,.  During  the  time  that 
the  voltage  of  T,  (sec.)  is  less  nega¬ 
tive  than  the  voltage  across  C,  the 
capacitor  charge  bleeds  off  through 
resistor  R^.  The  resultant  grid  vol¬ 
tage  is  the  saw-tooth  wave  illus¬ 
trated  in  Fig.  6  in  conjunction  with 
the  anode  and  exaggerated  grid  char¬ 
acteristics  of  tube  4.  Examination  of 
Fig.  6  shows  that  by  applying  a  d-c 
voltage  in  series  with  the  voltage 
across  C,,  the  voltage  applied  to  the 
grid  of  tube  4  may  be  made  to  cut 
the  grid  characteristic  at  a  point  de¬ 
termined  by  the  value  of  d-c  voltage 
applied.  Thus  the  conduction  of  this 
tube  may  be  varied  by  a  variable 
d-c  voltage.  Tubes  5  and  6  are  sim¬ 
ilarly  controlled. 

Since  the  output  of  the  grid  cir¬ 
cuit  networks  is  essentially  negative, 
the  second  half  of  tube  8,  in  connec¬ 
tion  with  the  secondary  of  Tt  and 
filter  capacitor  Ct,  is  used  to  furnish 
a  constant  d-c  bias  to  displace  the 
zero  line  to  a  more  convenient  posi¬ 
tion.  This  displacement  brings  the 
zero  line  to  a  position  more  nearly 
at  the  average  zero  of  the  a-c  com¬ 
ponent  of  grid  voltage.  It  is  now 
possible  to  obtain  control  of  the 
rectifier  by  displacing  point  B  in  Fig. 
5  both  positive  and  negative  from 
the  cathode  potential  of  the  thyra- 
trons.  Connection  of  point  B  to  the 
slider  of  potentiometer  P,  would  pro¬ 
vide  one  possible  method  of  voltage 
regulation  by  proper  selection  of  the 
fixed  bias  across  If  this  w'as  done, 
as  the  voltage  across  the  load  ca¬ 
pacitor  Cl  increased  the  rectifier 


Closed  and  open  front  views  of  an  ignition  rectifier  unit  for  magnetic  energy  storage 

spot  welders 


would  be  progressively  cut  off  until  9  and  achieves  complete  cut-off.  As 
is  passed  only  sufficient  current  to  the  voltage  across  CL  increases,  the 
maintain  the  capacitor  voltage  total  voltage  across  P,,  and  Rv.  in- 
against  leakage  and  bleeder  current,  creases;  consequently  the  drop  across 
However,  in  order  that  more  accur-  R,„  which  subtracts  from  the  stand- 
ate  voltage  control  may  be  obtained,  ard,  increases.  When  the  load  ca- 
an  amplifier  tube  9,  and  a  voltage-  ppcitor  voltage  reaches  a  value  such 
standard  tube  11  (along  with  the  that  for  a  given  setting  of  P,  the 
necessary  power  supply  from  trans-  potential  applied  to  the  grid  of  tube 
former  T^,  tube  10  and  filter  capaci-  9  reaches  zero,  a  slight  further  in- 
tors  Cb  and  Cm)  is  provided.  crease  of  CL  voltage  drives  this  grid 

positive.  Thus  it  will  be  seen  that  as 
Refinements  in  Control  the  load  capacitor  voltage  increases 

tube  9  is  cut-off  until  nearly  the  de- 
Considering  first  the  grid  circuit  sired  voltage  is  reached.  Upon  fur- 
of  tube  9,  the  standard  voltage  across  ther  load  capacitor  voltage  increase, 
tube  11  in  series  with  any  voltage  ap-  the  tube  is  driven  to  saturation, 
pearing  from  the  slider  of  P,  to  the  The  voltage  applied  to  point  B 
positive  output  line  is  applied  across  in  Fig.  5  consists  of  two  combined 
the  two  equal  resistors  Ru  and  R^.  voltages,  one  voltage  between  points 
With  zero  voltage  on  the  load  CL,  the  C  and  D  and  the  other  the  drop 
standard  voltage  is  divided  equally  across  tube  9.  Remembering  that 
and  one  half  is  applied  to  the  grid  tube  9  remains  cutoff  until  nearly 
of  tube  9.  This  voltage  is  negative  the  desired  output  voltage  is  reached, 
with  respect  to  the  cathode  of  tube  at  the  beginning  of  the  charge  point 


Fig.  6 — Anode  voltage  and  phase  con¬ 
trolled  grid  voltoge  waveforms,  illustrating 
the  operalion  of  tube  4  in  Fig.  5 

Fig.  7 — Output  vs.  input  voltage  of  regu¬ 
lating  amplifier  for  electrostatic  energy 
storage  spot  welder  charging  rectifier 
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Closed  and  open  front  viewi  of  a  capacitor  discharge  welder  control.  Capacitor 
tap-switch,  yoltage  control  and  "squeeze"  and  "hold"  timer  adjustments  may  be 
locked  behind  the  small  door 


B  is  practically  at  C,  potential  so  the 
grids  of  the  thyratrons  are  positive 
and  these  tubes  are  fully  conducting. 
As  the  capacitor  charge  proceeds, 
the  voltage  between  points  C  and  D 
increases,  substracting  from  the  pos¬ 
itive  voltage  applied  to  the  thyratron 
grids.  So  long  as  tube  9  is  in  a  non¬ 
conducting  state  this  action  is  not 
sufficient  to  affect  the  rectifier  out¬ 
put.  However,  as  the  output  voltage 
approaches  the  desired  value  tube  9 
begins  to  conduct  and  reduce  the 
positive  component  of  control  vol¬ 
tage.  Thus,  over  a  small  range  of 
output  voltage  the  grids  of  the  thy¬ 
ratrons  swing  from  a  positive  po¬ 
tential  to  a  negative  potential.  At 
some  point  along  this  curve,  depend¬ 
ing  upon  leakage  and  bleeder  cur¬ 
rents,  the  thyratrons  reach  a  con¬ 
duction  angle  just  sufficient  to  fur¬ 
nish  these  currents,  and  the  circuit 
stabilizes  at  that  output  voltage,  as 
determined  by  the  setting  of  P,.  The 


variation  of  voltage  between  points 
B  and  D  is  shown  in  Fig.  7. 

A  contact  of  relay  CP,  controls  the 
rectifier  during  periods  in  which  the 
capacitor  CL  is  di.scharged  for  weld¬ 
ing.  When  this  contact  is  closed,  the 
rectifier  is  effectively  blocked  by 
driving  the  thyratron  grids  negative 
to  C\o  potential.  Capacitor  C,  serves 
a  dual  purpose.  It  prevents  transient 
loads  at  the  beginning  of  the  charg¬ 
ing  cycle  and  serves  to  “watch”  the 
rate  of  output  voltage  rise,  prevent¬ 
ing  “overshooting”  when  charging 
small  values  of  capacitance.  For  the 
first  function  of  C.,  R„  and  P,„  are  so 
selected  that  with  CP,  contact  closed 
their  junction  is  just  sufficiently 
negative  to  prevent  conduction  of 
the  thyratrons.  Upon  opening  CP, 
contact  to  release  the  rectifier,  poten¬ 
tial  at  point  B  snaps  to  that  at  the 
junction  of  P„  and  P,„.  Capacitor  C» 
then  delays  further  change  of  poten¬ 
tial  in  the  positive  direction  suffi¬ 


ciently  to  require  two  or  three  cycles 
for  the  rectifier  to  reach  a  “full-on” 
condition.  The  second  function  of 
Cg  is  to  drive  the  junction  of  P»  and 
P,o  and  the  grids  of  tubes  4,  5  and  6 
negative  with  a  rapid  rise  in  output 
voltage.  The  magnitude  of  this  ef¬ 
fect  is  proportional  to  the  rate  of 
rise  of  output  voltage  and  holds  down 
the  charging  rate  of  small  load  ca¬ 
pacitors. 

Undervoltagc  Indicating  Device 

When  it  is  necessary  to  operate  an 
energy  storage  type  welding  machine 
at  very  high  speeds,  it  is  possible  to 
attempt  to  weld  before  the  system 
has  been  completely  charged  to  the 
desired  voltage.  A  low  capacitor 
voltage,  for  example,  may  result  in 
a  defective  weld. 

To  forestall  faulty  operation,  an 
undervoltage  indicating  device  is  in¬ 
cluded.  It’s  circuit  is  shown  sche¬ 
matically  in  Fig.  8.  Tube  12  is  a 
small  thyratron  and  points  C  and  D 
are  those  similarly  identified  in  Fig. 
5.  Operating  in  a  manner  similar  to 
that  of  tube  9,  the  grid  of  tube  12  is 
{Continued  on  page  174) 


Fig.  8 — Undervoltage  indicating  circuit  for 
lectroitotic  energy  storage  spot  welder 
shown  in  elemental  form 


Fig.  9 — Discharge  and  shunt-tube  oscilla¬ 
tion  suppression  circuits  of  electrostatic 
energy  storage  spot  welder 
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Fig.  10 — Effects  of  changing  constants  in 
discharge  circuit  of  electrostatic  energy 
storage  spot  welder 
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Successfully  operated  in  the  114  Me  band  just  before  the  war,  the  inexpensive 
video  equipment  described  is  semi-portable  and  susceptible  to  adjustment  without  elabo¬ 
rate  test  equipment.  It  should,  therefore,  be  of  immediate  practical  value  to  educator^ 
and  of  interest  to  men  storing  up  knowledge  of  the  art  for  future  commercial  application 


Teleyision  camera  and  monitor,  com¬ 
plete  with  pre-ampliiier 

Constructed  just  before  the 

war  and  operated  for  several 
months  in  the  114  Me  band,  the  tele¬ 
vision  system  to  be  described  pro¬ 
vided  the  authors  with  supplemental 
data  on  video  technique  which  should 
be  invaluable  when  the  art  assumes 
major  commercial  significance.  Low 
in  cost,  semi-portable  and  susceptible 
to  adjustment  without  elaborate  test 
instruments,  much  of  the  equipment 
will  be  of  immediate  practical  in¬ 
terest  to  educators  since  it  provides 


a  source  of  most  of  the  waveforms 
peculiar  to  video  transmission.  In 
certain  instances,  study  of  such 
waveforms  may  be  efficious  in  the 
wartime  personnel-training  pro¬ 
gram. 

While  the  following  text  includes 
a  brief  overall  picture  of  the  entire 
system  it  deals  particularly  with  the 
design  and  construction  of  mono¬ 
scope  test  equipment,  the  radio¬ 
frequency  portion  of  the  video  trans¬ 
mitter,  the  video  modulator  and  the 
receiver  converter  unit.  Some  data 
concerning  other  units  and  circuits 
is  included,  particularly  w’here  de¬ 
signs  previously  described  in  the  lit¬ 
erature  have  been  simplified,  but 
readers  interested  in  details  con¬ 
cerning  such  units  are  liberally  re¬ 
ferred  to  published  material.  Sync- 
signal  generators  have,  for  example, 
been  described  by  Wilder  and  Brust- 
man”  and  the  design  of  receiving 
equipment  has  been  described  by 
Fink"  \ 

Overall  Video  System 

Throughout  the  design  and  con¬ 
struction  of  the  transmitter,  an  at¬ 
tempt  was  made  to  build  video  equip¬ 
ment  which  would  conform  to  the 
original  RMA  standards  for  tele¬ 
vision  transmission.  The  equipment 
was  thus  originally  designed  for  441 
lines  but  it  is  a  simple  matter  to 
adapt  it  to  the  standard  of  525  lines 
promulgated  by  the  NTSC.  Some 
limitation  on  the  quality  of  the  re¬ 
ceived  picture  results  from  the  use 
of  an  amateur-type  2-inch  icono¬ 
scope  in  the  telecamera,  but  other¬ 
wise  the  transmitter  has  features 
equivalent  to  those  possessed  by 
modern  commercial  equipment. 

A  block  diagram  of  the  elements 
of  the  video  transmitter  and  re¬ 
ceiver-converter  is  given  in  Fig.  1 


An  iconoscope  camera  and  a  mono¬ 
scope  are  provided  for  producing 
visual  images,  the  camera  being 
equipped  with  a  2-inch  cathode-ray 
tube  monitor.  Both  image  producing 
units  use  the  same  timer  and  shaper 
units,  but  each  has  its  own  pre¬ 
amplifier.  Either  the  iconoscope  or 
the  monoscope  can  be  fed  individu¬ 
ally  to  the  line  amplifier.  The  modu¬ 
lator  pre-amplifier  and  the  modu¬ 
lator  are  fed  from  a  common  400  v 
power  supply.  A  crystal-controlled 
oscillator-doubler  and  two  additional 
frequency-doublers  form  the  radio 
frequency  generating  equipment  of 
the  transmitter.  The  output  of  the 
last  doubler  is  fed  into  a  driver 
amplifier.  The  output  of  the  driver 
amplifier  is  link-coupled  to  the  modu¬ 
lated  r-f  amplifier,  which  is  cathode- 
modulated  and  produces  a  carrier  in 
the  1 14  Me  band.  A  500  v  power  sup¬ 
ply  provides  plate  power  for  all  r-f 
stages  of  the  transmitter. 

The  receiver  consists  of  a  114  Me 
converter,  the  12.75  Me  output  of 
which  is  fed  to  the  first  i-f  amplifier 
of  a  commercial  television  receiver. 

The  Honoscops 

A  type  1899  monoscope  tube  pro¬ 
vides  a  video  signal  for  testing  ex¬ 
ternal  equipment  and  is  useful  in 
checking  the  operation  of  the  scan¬ 
ning  generator  and  auxiliary  equip¬ 
ment  used  with  the  transmitter.  The 
monoscope  pre-amplifier  consists  of 
five  tubes  and  is  similar  to  that  used 
for  the  conventional  iconoscope 
camera,  except  for  the  fact  that  a 
high  frequency  peaking  stage  com¬ 
pensates  for  the  decreased  high  fre¬ 
quency  response®  resulting  from 
the  method  of  coupling  to  the  mono¬ 
scope.  The  peaking  adjustment  is 
made  by  means  of  a  variable  resi.«t(>r 
in  the  third  stage  of  the  pre-ampli- 
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fier  and  can  be  set  correctly  by  ob-  screen  end  of  the  tube  a  clearance  of 
serving  the  reproduced  pattern  in  a  two  inches  in  every  direction  is 
kinescope.  A  sharp  following  edge  maintained  to  avoid  capacitance  by- 
on  all  vertical  lines  in  the  repro-  pass  of  the  higher  video  frequencies, 
duced  pattern  and  the  absence  of  Size,  positioning,  linearity  and  peak- 
“smearing”  or  “tails’  is  obtained  ing  controls  are  brought  out  to  the 
when  the  control  is  properly  top  of  the  monoscope  front  panel, 
adjusted.  Other  details  involved  in  the  design 

To  maintain  perfect  synchroniza-  and  construction  of  the  mono- 
tion  with  the  generator  sync-signal,  scope  pre-amplifier  are  discussed  by 
control  circuits  were  employed  to  Barco’*. 
permit  the  sync  pulses  to  generate 
the  sawtooth  waves  necessary  for 
scanning.  This  constitutes  direct 
drive  of  monoscope  deflection. 

While  it  is  possible  to  use  a  conven¬ 
tional  blocking  oscillator  or  gas 
tubes  for  scanning,  use  of  such 
methods  results  in  more  elaborate 
circuits  and  the  necessity  for  fre¬ 
quent  readjustment  of  the  speed 
control. 

The  output  of  the  monoscope  pre¬ 
amplifier  is  cathode-coupled  to  a 
transmission  line  and  is  then  fed  to 
the  line  amplifier.  No  gain  control  is 
necessary  on  the  pre-amplifier  but 
shielding  of  the  monoscope  is  im¬ 
portant  for  stable  operation.  At  the 


Timer  and  Pulse  Generator 

The  timer  and  pulse  unit  used  is 
similar  to  equipment  developed  by 
H.  B.  Deal  of  the  RCA  License 
Laboratories  and  described  by  Fink"’. 
This  unit  was  built  for  the  original 
RMA  standard  of  441  lines.  Adjust¬ 
ment  to  conform  with  the  NTSC 
standard  of  525  lines  would  necessi¬ 
tate  increasing  the  oscillator  fre¬ 
quency  from  13,230  to  15,750  cps 
(which  can  be  achieved  by  merely 
resetting  the  tuning  of  the  oscillator 
condenser)  and  resetting  the  divider 
ratios. 

The  frequency  dividers  used  in  the 
shaper  unit  are  similar  to  those  al- 


Front  and  back  views  oi  the  trans¬ 
mitter  r-f  section 


ready  described  elsewhere^.  Further 
information,  including  notes  on  the 
adjustment  of  the  various  parts  of 
the  circuit,  may  be  found  in  a  series 
of  articles  published  in  1940”.  Some 
modifications  to  permit  operation  of 
the  frequency  divider  on  the  525  line 
standard  will  be  necessary.  Using 
the  former  standard  of  441  lines,  the 
ratios  of  frequency  division  were  7, 
7,  3,  3.  If  it  is  desired  to  use  the 
same  series  of  four  multivibrators 
a  dividing  sequence  of  7,  5,  5,  3  can 
be  used  for  525  line  operation.  It  is 
quite  probable  that  adjustment  can 
be  made  on  the  second  and  third 
multivibrators  to  accomplish  this 
without  employing  new*  circuit  con¬ 
stants.  In  any  new'  equipment,  how¬ 
ever,  it  will  probably  be  desirable  to 
employ  counter  circuits  rather  than 
multivibrators  for  the  appropriate 
frequency  division.  Counter  circuits 
are  somewhat  less  critical  in  their 
adjustment  and  have  the  additional 
advantage  of  maintaining  the  re¬ 
quired  frequency  division  over  wide 
limits  of  voltage.  Brief  discussion 
of  a  suitable  counter  circuit  has  been 
published  by  Bedford". 


1 — Block  diagram  of  complete  television  video  transmitter  and  associated  receiv¬ 
ing  equipment 
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Fi,.  2-Circui»  .bowing  method  of  adopting  driving  pulse,  lor  unbalanced  electro-  iconoscope  mosaic,  providing  a  hiph 

static  deflection  of  902  monitor  tube  and  1847  iconoscope  camera  tube  .  .  ..  ,  nr,-, 

intensity  light  source.  While  a  con¬ 
siderable  output  voltage  was  ob- 

A  two-inch  iconoscope  (type  1847)  ground.  In  an  effort  to  reduce  tained,  light  reflected  from  internal 
w’as  employed  in  the  camera  unit,  capacitance  to  a  minimum  the  portions  of  the  gun  structure  pro- 
All  of  the  deflecting  circuits  (Fig.  mount  for  the  iconoscope  was  re-  duced  an  excessive  dark  spot.  It  i.s 
2)  were  designed  for  a  larger  type  built  and  two  additional  stages  of  also  necessary  to  position  the  raster 
iconoscope  with  the  expectation  that  amplification  were  added  to  the  pre-  so  that  no  portion  of  the  .scanning 
a  tube  of  this  type  might  be  substi-  amplifier.  When  these  changes  had  field  or  image  touches  a  section  of 
tuted  at  some  future  date.  been  effected  it  was  possible  to  ad-  the  wire  used  to  support  the  mosaic 

vance  the  gain  well  into  the  noise  at  the  end  of  the  iconoscope  tube. 

Camera  level.  To  remove  all  traces  of  hum  Failure  to  observe  this  produces  er- 

A  considerable  amount  of  time  was  pattern,  it  was  found  desirable  to  ratic  operation, 
spent  in  investigating  the  action  of  use  direct  current  on  the  heaters  of  The  mechanical  construction  of 
the  1847  in  the  camera  circuit.  At  the  pre-amplifier  tubes.  Careful  ad-  the  camera  pre-amplifier  is  such  that 
the  full  gain  of  the  original  pre-  justment  of  the  bias  on  the  icono-  it  can  be  easily  adapted  to  a  large 
amplifier  and  line  amplifier  it  was  scope  then  produced  a  satisfactory  iconoscope  if  and  when  desired, 
impossible  to  obtain  sufficient  ampli-  image  on  the  kine.scope.  Adjustment  Horizontal  and  vertical  blanking 
fication  to  produce  a  satisfactory  of  the  bias  to  permit  higher  beam  voltages  are  available  from  the  shap- 
iconoscope  signal.  Part  of  the  diffi-  current  and  greater  iconoscope  out-  ing  unit.  The  vertical  blanking  volt- 
culty  appeared  to  be  due  to  excessive  put  produced  excessive  “dark  spot”  age  has  been  found  most  useful 
capacitance  between  iconoscope  and  voltages,  while  lower  beam  current  when  operating  the  iconoscope. 


Fig.  3 — Schematic  diagram  of  r-i  section  of  the  television  video  transmitter  discussed  in  the  text 
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A  two-inch  kinescope  was  orig¬ 
inally  built  into  the  camera  unit  for 
focusing  and  to  serve  as  a  check  on 
the  size  of  the  scanning  raster. 
However,  the  better  resolution  ob¬ 
tained  with  the  9-inch  kinescope  in 
the  receiver  provided  somewhat 
greater  ease  in  focusing  and  was 
therefore  used  for  this  purpose.  The 
smaller  kinescope  w'as  then  used  only 
as  an  indicator  of  scanning  raster 
.size  and  position. 

Sawtooth  scanning  voltages  re¬ 
quired  by  the  1847  tube  are 
obtained  from  the  line  and  field 
pulses  produced  by  the  shaping 
unit  in  a  manner  similar  to 
that  outlined  in  connection  wdth  the 
monoscope  and,  consequently,  there 
are  no  frequency  adjustments  in 
the  scanning  circuit.  Pow'er  sup¬ 
ply  and  positioning  circuits  were 
adapted  from  those  recommended  by 
Sherman*''.  The  circuit  employed  to 
adapt  driving  pulses  for  electrostatic 
deflection  of  the  902  and  1847  tubes 
is  shown  in  Fig.  2. 


The  Tranimitfer 

The  transmitter  proper  consists 
of  tw’o  units:  (1)  the  r-f  driver 
stages  and  modulated  radio  fre¬ 
quency  amplifier  and  (2)  the  modu¬ 
lator  unit. 

The  radio  frequency  section  con¬ 
tains  five  tubes.  The  first  tube  is  a 
6L6G  crystal-controlled  oscillator  and 
frequency  multiplier,  followed  by  a 
6L6G  multiplier  stage  and  another 
frequency  multiplier  using  a  6V6G 
tube.  The  output  of  the  6V6G  multi¬ 
plier  feeds  into  the  grid  circuit  of 
a  driver  amplifier  using  an  815  tube, 
which  drives  the  final  (modulated) 
amplifier  utilizing  a  type  829  tube. 
Controls  on  the  front  panel  of  the 
transmitter  include  those  for  oscil¬ 
lator  plate  circuit  tuning,  tuning  for 
the  6L6G  and  6V6G  multipliers  and 
tuning  for  the  grid  circuit  of  the 
final  amplifier.  Tuning  controls  for 
the  driver  amplifier  grid  and  plate 
circuits  are  on  the  back  of  the  trans¬ 
mitter.  Final  amplifier  plate  circuit 
tuning  is  accomplished  right  at  the 
I'late  line. 

The  transmitter  was  designed  for 
111  Me,  double  sideband,  transmis- 
.'^I'ln  using  the  RMA  standard  of  441 
lines  and  30  frames  per  second,  or 
t'"  fields  per  second.  It  has,  however, 
I’eon  used  at  various  frame  fre¬ 
quencies  from  15  to  30  per  second 
u'vl  at  many  other  numbers  of  lines 
5  -  r  frame. 


Front  and  back  Tiewi  of  the  monoscope  and  signal  generator  unit.  Panels,  from 
lop  down,  contain  the  monoscope  and  associated  circuits,  Tideo  mixing  amplifier, 
pulse  generator,  timer.  Regulated  power  supplies  are  on  the  bottom  shelf 


The  schematic  wiring  diagram  of  Me  comparable  with  those  obtained 
the  transmitter  is  shown  in  Fig.  3.  at  lower  frequencies  and  it  will  fre- 
The  crystal  has  a  fundamental  fre-  uuently  be  found  when  ordinary 
quency  of  14.251  Me.  The  output  of  lumped  circuits  are  used  that  the 
the  “tri-tet”  oscillator  is  tuned  to  plate  current  of  an  unloaded  stage 
the  second  harmonic  of  the  crystal,  doubling  to  this  frequency  is  close 
The  succeeding  6L6G  doubles  and  to  rated  load  value.  So-called  “series” 
the  6V6G  doubles  again  so  the  out-  tuning  (actually  not  series-tuning 
put  frequency  in  the  plate  of  6V6G  but  a  method  of  trimming  the  tank 
tube  is  114.008  AJc.  The  6V6G  stage  inductance  to  resonate  with  tube  and 
is  coupled  to  the  input  of  the  815  stray  capacities)  is  sometimes  help- 
driver-amplifier  by  means  of  a  link  ful  and  may  be  used  as  in  the  6V6G 
circuit.  plate  circuit.  It  should  be  noted 

that  the  inductance  used  when  series 
R-F  Driving  Unit  tuning  should  be  very  slightly 

It  is  usually  quite  ditficult  to  ob-  greater  than  that  necessary  to 
tain  tank  circuit  impedances  at  112  (Continued  on  jmge  170) 


Schematic  diagram  of  pre-amplifier  and  modulator  unit  suitable  for  cathode- 
modulating  the  transmitter  diagrammed  in  Fig.  3 
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Opportunities  for  Electronics  in 

INDUSTRIAL  TEMPERATURE 
_ INSTRUMENTATION _ 


Temperature  measurement 
and  control*  is  one  of  twenty- 
odd  major  fields  of  industrial  instru¬ 
mentation  among  which  may  also 
be  listed  the  measurement  and  con¬ 
trol  of:  (1)  humidity,  (2)  pressure 
(and  vacuum),  (3)  chemical  process¬ 
ing  conditions,  (4)  electrical  proc¬ 
essing  conditions,  (5)  liquid  level 
(and  position),  (6)  speed  (and  ac¬ 
celeration),  (7)  processing  time  and 
schedules,  (8)  fluid  flow,  (9)  physi¬ 
cal  properties  of  materials,  (10) 
chemical  properties  of  materials, 
(11)  radiant  energy  (light,  in¬ 
frared,  ultraviolet,  x-ray  irradiation, 
etc.),  (12)  dimensions,  and  (13) 
quantities  (i.e.,  traffic  count,  etc.) 

In  considering  the  widely  different 
rates  at  which  electronic  develop¬ 
ments  have  penetrated  these  major 
fields  of  industrial  instrumentation 
during  the  last  decade,  the  writer 
was  astonished  to  discover  that  it  is 
in  the  field  of  industrial  temperature 
measurement  and  control  that  the 
science  of  electronics  has  made  the 
least  relative  progress  in  relation  to 
the  possibilities  in  the  field  of  tem¬ 
perature.  A  smaller  percentage  of 
the  practicable  methods  of  measur¬ 
ing  and  controlling  temperature  has 
been  “electron  ized”  than  has  been 
the  case  with  the  practicable  meth¬ 
ods  of  measuring  and  controlling 
pressure,  pH,  position,  plasticity, 
porosity,  packing  or  power. 

Three  important  reasons  for  this 
state  of  things  are  as  follows:  (1) 
The  number  of  ways  of  measuring 
temperature  is  beyond  reliable  count 
and  is  still  growing,  (2)  the  great 
majority  of  inventors  and  develop¬ 
ment  engineers  in  the  field  of  elec¬ 
tronics  are  unaware  of  the  rich  pos¬ 
sibilities,  and  (3)  consequently,  they 
devote  their  energies  to  electroniz- 
ing  the  best-known  forms  of  ther- 

•For  some  background  relative  to  this  article 
the  reader  is  invited  to  read  an  Item  labelled 
‘•Temperature”  in  Crosstalk,  this  issue. 


mometers  and  pyrometers — the  types 
and  varieties  which  were  developed 
before  the  advent  of  electronic  de¬ 
vices.  As  a  result  there  are  excellent 
opportunities  for  the  application  of 
electronic  principles  to  the  measure¬ 
ment  and  control  of  temperature  iq 
industry. 

Of  all  measurable  magnitlides 
there  are  only  a  few  which*  ubi¬ 
quitous.  Such  magnit^^S^^ } -‘^are 
weight,  length,  time,  and  tempera¬ 
ture.  Of  all  measurable  magnitudes, 
however,  temperature  is  the  most 
variable  both  in  time  and  space.  It 
is  the  one  whose  effects  are  most 
likely  to  play  havoc  with  mankind’s 
intentions,  from  going  out  for  a  walk 
to  building  a  huge  synthetic-rubber 
manufacturing  plant. 

Only  a  century  ago,  temperature 
was  one  of  a  scant  score  of  known 
magnitudes;  today  it  is  one  of  hun¬ 
dreds.  But  the  unique  thing  about 
temperature  is  that  it  affects  the 
measurement  of  nearly  all  of  these 
hundreds  of  knojvn  measurables. 
Ambient  temperatures,  conductor 
temperatures  and  various  local  tem¬ 
peratures  affect  nearly  all  the  thou¬ 
sands  of  distinct  methods  of  measur¬ 
ing  these  athermal  conditions  and 
properties.  Consequently,  almost 
every  time  a  new  method  is  devised 
for  determining  a  physical  or  chem¬ 
ical  value,  the  temperature  coefficient 
must  be  taken  into  account. 

Often,  a  dreaded  “temperature 
error"  became  a  respectable  tempera¬ 
ture  measurement  metJiod.  Today 
the  classes,  types  and  varieties  of 
temperature  measurement  methods 
are  innumerable,  as  is  indicated  in 
Table  I.  Even  if  the  Bureau  of 
Standards  or  a  richly-endowed  insti¬ 
tute  succeeded  in  counting  all  known 
methods  today,  the  publi.shed  count 
would  probably  be  out-of-date 
tomorrow. 

The  author  recognizes  the  neces¬ 


sity  of  “working  with  what  you’ve 
got.”  Admirable  solutions  of  dif¬ 
ficult  problems  have  been  achieved  in 
this  way,  and  their  commercial  em¬ 
bodiments  are  worth  their  weight  in 
gold.  Such  problems  come  up  where 
the  nature  of  the  equipment  (fur¬ 
nace,  still,  or  vulcanizer)  and  the 
nature  of  the  process  (normalizing 
of  steel,  curing  of  rubber,  or  frac¬ 
tional  distillation  of  petroleum)  are 
both  such  that  a  non-electronic  pri¬ 
mary  element  has  been  found  most 
acceptable  and  is  firmly  entrenched. 
Likewise  the  electronic  engineer  has 
'usually  found  the  final  elements  of 
the  automatic-control  system  already 
.selected  for  him — for  example  a  par¬ 
ticular  type  and  make  of  valve  with 
the  desired  lift-flow  characteristic, 
operated  by  a  particular  type  and 
make  of  electric  motor  w’ith  the  de¬ 
sired  speed-torque  or  other  charac¬ 
teristic.  On  a  large  job  he  may  even 
find  that  the  electrical  engineer  has 
already  specified  a  particular  type 
“and  make  of  motor  controller. 

Problems  of  Temperofore  Specialist 

In  some  extreme  cases  the  elec¬ 
tronic  engineer  would  find  that  he 
was  only  called  in  because  the  insur¬ 
ance  underwriters,  with  explosive 
atmo.spheres  to  reckon  with,  had 
specified  the  elimination  of  ordinary 
relays  and  contactors  from  a  temper¬ 
ature  control  system  which  in  all 
other  respects  was  considered  en¬ 
tirely  .satisfactory.  He  would  stick 
in  an  oscillator  tube  here,  a  power 
tube  there,  perhaps  a  pair  of  thyra- 
trons — and  that  was  that! 

This  sort  of  work  is  not  altogether 
a  waste  of  effort.  It  is  decidedly  use¬ 
ful.  But  it  is  not  the  penetration  of 
electronics  into  the  field  of  industrial 
temperature  measurement. 

An  analogy  may  drive  home  the 
point.  Imagine  that  the  field  of  in¬ 
dustrial  illumination  control  has 
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never  been  penetrated  by  modern 
electronics.  You — a  modern  elec¬ 
tronic  engineer — are  called  to  a  cer¬ 
tain  factory  where  the  illumination 
level  from  a  battery  of  arc  lights 
above  a  conveyor  belt  has  to  be  main¬ 
tained  at  a  certain  value  in  order  to 
process  the  sheet  material  passing 
under  the  lights.  The  control  is 
manual:  an  old-fashioned  selenium- 
resistance  primary  element  is  con¬ 
nected  to  a  large  switchboard  mil- 
liammeter  in  front  of  the  operator 
whose  duty  it  is  to  operate  an  old- 
fashioned  water  rheostat  by  a  block- 
and-tackle  arrangement.  You  are 
acked  to  automatize  this  installation 
by  electronizing  it.  Now’  then,  how’ 
would  you  solve  this  problem? 

First  of  all,  since  light  must  be 
controlled  automatically,  it  will  be 
necessary  to  employ  a  light-sensitive 
primary  element  at  the  initial  or 
starting  point.  But  will  you  scrap 
the  1910  model  selenium-resistance 
element  and  substitute  a  more  mod¬ 
ern  blocking  layer  photocell  or  caes¬ 
ium-oxide  phototube?  Not  neces¬ 
sarily!  The  old  selenium  cell  is  itself 
an  electronic  device  and  should  not 
be  discarded  too  hastily.  Its  spectral 
response  curve  may  more  closely 
match  the  spectral  sensitivity  curve 
of  the  photo-chemical  process  under 
control  than  the  response  of  the  lat¬ 
est  blocking-layer  cells  or  caesium- 
oxide  tubes.  The  chances  are,  of 
course,  that  from  the  rich  variety 
of  new’  models  of  photocells  and 
phototubes  on  the  market,  you  will 
find  one  whose  output  is  a  better  in¬ 
dication  of  the  particular  variable 
to  be  measured  and  controlled. 

To  Control  One  Must  First  Measure 

Here  then  is  the  first  point!  The 
author  laid  down  as  one  of  the  cor¬ 
nerstones  of  instrumentation  seven¬ 
teen  years  ago  the  dictum  that  be¬ 
fore  a  condition  can  be  controlled  it 


Table  I  CLASSIFICATION  OF  METHODS  OF  MEASURING 

TEMPERATURE* 

i.  Methods  Utilizing  Discontinuous  Reversible  Effects 

1.  Freezing  point  A  line  must  be  drawn  (both  meanings) 

2.  Boiling  point  between  equilibrium  temperature  ef- 

-  ,rr~;  ,  7  7  .  '  fects  which  include  the  International 

3.  Molecular  transformation  standards,  and  all  others. 

point 

4.  Solubility 

5.  Color 
Etc. 

II.  Methods  Employing  Continuous  Effects 

1.  Properties  of  bodies 

a.  Thermal  expansion,  expansivity,  expansibility 

(1)  of  gases  Instruments  are  classified  by  utilized  coeffi- 

(2)  of  liquids  cient  (linear,  cubical);  also  as  cathetometric, 

(3)  of  solids  extensometric,  volumetric,  etc. 

b.  Electrical  conductivity  or  resistivity 

(1)  metals,  of  alloys  Resistance  measurement  methods 

(2)  other  solids  :  classifiable  by  type  of  circuit,  by  typo 

(3  electrolytes  j  'of  instrument  (deflection,  self-bal- 

(4)  ionized  gases,  etc.J  ancing,  etc.)  and  in  other  ways 

c.  Viscosity,  fluidity 

d.  Refractivity 

e.  Vapor  pressure 

f.  Magnetic  susceptibility 

g.  Sound  velocity 

h.  Dielectric  “  constant  '* 

i.  Elasticity 

j.  Rotatory  polarization 

k.  Color  of  transmitted  light 

l.  Color  of  reflected  light 

m.  Hydrogen-ion  concentration 

n.  Specific  heat 

o.  Compressibility 
etc.,  etc. 

2.  Effects  between  bodies 

a.  Simple  differences  of  properties 

(1)  iUpansivities 

(a)  Bimetallic 

b.  Effects  at  interfaces  or  junctions 

(1)  Solid  vs  solid  ( Instruments  classified  also  by  utiliza- 

(2)  Solid  vs  liquid  >  |  tion  of  effects,  modes  of  conversion  of 

(3)  Liquid  vs  liquid  [energy:  thermo-electricity,  etc. 

c.  Effects  at  a  distance  (radiometry) 

(1  Methods  utilizing  Stefan-Boltzmann  fourth-power  law 

(2)  Methods  utilizing  displacement  of  maximum  energy  density. 
(Color  temperatures,  of  stars,  etc.) 

(3)  Methods  utilizing  selected  band  or  effective  wavelength 

(a)  Measurement  of  the  monochromatic  energy  by  visual 
matching 

(b)  Measurement  by  extinction  *'  methods 

(c)  Combinations  of  (a)  and  (b) 

(d)  Selection  by  filtration  as  in  use  of  red  glass 

(e)  Selection  by  special  curve  of  receiver;  phototube  or 
photocell,  plate  emulsion,  etc., 

(4)  Methods  utilizing  ratio  of  energy  at  two  effective  wavelengths 
(6)  Spectroscopic,  spectrographic  or  spectrometric  methods 

etc. 

III.  Methods  Utilizing  Irreversible  Effects 

1.  Fusion 

2.  Color  change 
etc. 

IV.  Combination  Methods 

1.  Methods  using  a  temperature  coefficient  of  an  entire  assembly 

2.  “  Calorimetric  pyrometers,”  "  aspiration  pyrometers  ”  and  other 
devices  requiring  transport  or  transfer  or  manipulation  of  the  body 
or  of  a  continuous  sample 

3.  Methods  requiring  the  introduction  of  an  ”  indicator”  as  in  line- 
reversal  method 

•  Ithar,  M.  F.,  in  Tamparature  Symposium  of  Amarican  Instituta  of  Physics.  Rainhold  Publ.  Corp., 
Naw  York.  1941.  Paga  350. 


ELECTRONICS  —  Devcmhvr  1942 


73 


doing:  (1)  The  muscular  control  of  such  as  the  now-common  automatic 
the  operator  can  be  replaced  by  a  volume  control.  These  four  consid- 
simple  automatic  device  free  from  erations  sometimes  play  a  part  in 
fatigue  and  the  “human  element,”  electronizing  the  final  elements  of 
(2)  the  unnecessary  slowness  of  the  industrial  temperature  control  sys- 
corrective  action  may  be  eliminated  tern,  but  they  do  not  and  cannot 
through  the  use  of  well-known  cur-  dominate  the  decision  as  they  would 
rent-regulating  means,  some  of  in  the  control  of  illumination  or  ir- 
which  are  devoid  of  mechanical  mov-  radiation. 

ing  parts;  (3)  the  difficulty  of  ob-  The  reason  for  this  is  commonly 
taining  precise  control  through  referred  to  as  application  lag. 
manual  operation  may  be  overcome  Every  industrial  temperature  con- 
through  the  use  of  electronic  control  trol  application  is  characterized  by 
devices  with  the  negative  feed  back  a  time  interval  between  the  moment 
w’hereby  a  precision  of  0.01  of  1  per-  that  the  automatic  controller  has 
cent  is  not  uncommon;  (4)  the  pos-  completed  a  corrective  function  and 
sibility  of  reducing  or  of  eliminating  the  moment  that  its  primary  element 

can  begin  to  feel  the  effect  of  the  cor¬ 
rective  action.  There  never  is  any 

.  definite  delay,  but  always  a  sort  of 

wave — and  not  like  any  of  the  mathe- 
0  II  matically-definable  waves  of  electri¬ 

cal  phenomena  but  a  complex  wave — 
a  ragged  ocean  breaker. 

Some  of  the  keenest  brains  in  the 
field  of  temperature  instrumentation 
have  striven  to  express  application 
lag  mathematically  but  their  equa¬ 
tions  are  so  over-simplified  that  they 
do  not  truly  represent  the  hard 
physical  realities  and  seldom  help  to 
solve  the  inherently  difficult  prob¬ 
lems.  One  inherently  difficult  prob¬ 
lem,  for  example,  is  the  soaking  pit 
— a  vertical  furnace  into  which  a 
huge  ingot  is  lowered  and  subjected 
to  the  soaking  process.  This  process 
is  officially  defined  by  the  American 
Society  for  Metals  as  “holding  steel 
at  an  elevated  temperature  for  the 
attainment  of  uniform  temperature 
throvghnnt  the  piece.”  The  author 
has  impishly  italicized  three  words 
which,  in  the  present  state  of  the  art, 
represent  wishful  thinking:  the 
reality  in  a  soaking  pit  is  not  one 
temperature  but  an  exasperating  set 
of  temperature  gradients  that  chase 
one  another  too  fast  to  be  plotted  and 
too  slowly  to  give  an  “averaging” 
effect  of  near-uniformity. 

Electronic  engineers  may  help  to 
make  furnaces,  ovens,  stills  and 
other  applications  more  controllable 
but  their  greatest  opportunities  lie 
in  electronizing  the  primary  or  mea- 
elements  of  industrial  tem- 


CLASSIFICATION  OF  INDUSTRIAL  TEMPERATURE 
INSTRUMENTS 

/.  Mechanical  Eiiects 


II.  Electrical  Effects 


1.  Electrical  Resistance 

(a)  Platinum  (  —  180  to  4  1000  deg.  C) 

(b)  Nickel,  etc.  (—180  to  4- 200  deg.  C) 

2.  Thermoelectric.  Note  dual  classification 

(a)  Galvanometric  (a)  Rare-metals  (to  1600  deg.  C) 

(b)  Deflection  and  semi-  (b)  Special  alloys  (to  1300  deg.  C) 

potentiometric  (c)  C-SiC  (to  1800  deg.  C 

3.  Total-radiation  (lower  limit  400  deg.  C ' 

(a)  Hand 

(b)  Autometric  and  autographic 

4.  Selective-radiation  (lower  limit  560  deg.  C) 

(a)  Photometric 

(b)  Disappearing  filament!  /(a)  Visual 

(C)  Flux  extinction  [  \  (b)  Autometric  and  autographic 

(d)  Color  ratio  j 


suring 

perature  instruments  in  order  to  im¬ 
prove  the  measuring  properties  of 
these  elements.  In  so  doing  it  is  im¬ 
portant  to  give  consideration  to  the 
indu.strially  important  measuring 
(Contitnied  on  page  163) 
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IMPEDANCE 

of  Some  Simple  Electrical  Circuits 


The  impedance  and  admittance  of  simple  circuit  elements,  connected  in  series  and  in 
parallel,  is  presented  as  a  means  for  simplifying  and  aiding  in  the  analysis  of  complicated 
electrical  circuits  for  communication  or  industrial  apj)lications 


IN  circuit  analysis  it  is  frequently 
convenient  to  have  available  in 
convenient  form  the  impedance  func¬ 
tions  of  the  more  common  types  of 
simple  electrical  circuits.  This  is 
particularly  true  for  those  design 
applications  where  simple  combina¬ 
tions  of  common  circuit  elements  are 
frequently  used,  and  where  time  is  a 
consideration  in  design. 

In  this  Reference  Sheet*  are  com¬ 
piled  the  expressions  for  the  im¬ 
pedance  and  admittance  functions  of 
the  simplest  types  of  two-terminal 
circuits  composed  of  lumped  values 
of  L,  R,  and  C.  The  circuit  elements 
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are  considered  to  be  ideal  in  that 
they  conform  fully  to  the  mathe¬ 
matical  e.\pression  for  their  be¬ 
havior  and  have  no  losses.  Unless 
otherwise  indicated,  it  is  assumed 
that  there  is  no  coupling  between  the 
various  elements  of  the  circuit.  For 
convenience,  the  impedance  data  is 
divided  into  two  sections,  one  on 
series  connected  circuit  elements. 


and  the  other  on  parallel  connected 
circuit  elements. 

In  each  tabulation,  the  schematic 
diagram  of  the  circuit  is  shown  in 
the  first  major  column.  The  second 
column  gives  the  impedance  of  the 
circuit  in  Cartesian  co-ordinates  in¬ 
volving  real  and  quadrature  terms, 
the  impedance  being  given  in  the 
form,  Z  =  R  -\-  jX.  The  third  col¬ 
umn  tabulates  the  ab.solute  value  or 
the  magnitude  of  the  impedance 
from  the  real  and  quadrature  terms, 
using  the  familiar  expression,  Z  = 
\'R-  +  A"’.  The  fourth  column  gives 
the  phase  angle  of  the  impedance  in 


•  Till'  tabular  n»a- 
itTial  in  this 

is  taken 
fruni  n  fortheominK 
b'liik,  •Introtluction 
I'  Itailio  KiiKinoer- 
'ii-'".  with  ]><‘rniission 
"I  tlic  iiublishcr. 


TABLE  OF  IMPEDANCE  OPERATIONS 

OPERATION 

RESULT 

Addition 

-2’  =  -^’2  =  (  )  -  C  -JX^  ) 

Subtrcaction 

^  -^2  =  (  ) 

Multiplication 

z  =  =  (1  z,  1  /e,)  (1Z,1/^ )  =  lz,Zjl/e,^  e. 

Division 

Raising  to  nth  power 

Z=Z'’=  lzr/n0 

Extracting  nth  root 

z  =  ^=z"  =  Iziy| 
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IMPEDANCE  OF*  SERIES  CONNECTED  CIRCUIT  ELEMENTS 


CIRCUIT 


IMPEDANCE 

2  =  R+jX(ohms) 

MAGNITUDE  OF  IMPEDANCE 

|z|  ■  j^R*+‘X*]  *(ohms) 

R 

R 

CfafL 

ADMITTANCE 


R  L 

— vwv — 


R  L  C 

10  -aaa/-^7J01PH  h- 


radians,  calculated  from  the  magni¬ 
tude  of  the  real  and  quadrature 
terms.  In  general  this  phase  angle  is 
given  hy  d  =  tan"*  (X/R),  where  X 
is  the  reactance  and  R  is  the  resis¬ 
tance  of  the  circuit.  From  these  two 
columns,  the  impedance,  in  polar 
form,  is  readily  obtained  since  Z  = 
\Z\  The  last  column  tabulates  the 
admittance  for  each  circuit  in  rec¬ 
tangular  co-ordinates. 

In  all  cases  resistance,  reactance. 


and  impedance  are  measured  in 
ohms,  admittance  is  expressed  in 
mhos,  frequency  in  cycles  per  sec¬ 
ond.  Inductance  and  capacitance  are 
expressed  in  henries  and  farads,  re¬ 
spectively.  The  phase  angle  is  ex¬ 
pressed  in  radians  in  the  equations 
given  in  the  tables.  The  phase  angle 
may  be  expressed  in  degrees  by  mul¬ 
tiplying  by  57.2958 ;  that  is,  1  radian 
=  57.2958  degrees,  or,  1  degree  = 
0.0174533  radian. 


Circuit  analysis  often  calls  for 
the  addition,  subtraction,  multiplica¬ 
tion,  division,  raising  to  a  power,  or 
extracting  a  root  of  one  or  more 
impedances.  These  operations  are 
facilitated  by  providing  expressions 
for  impedance  in  both  the  rec¬ 
tangular  and  the  polar  forms.  The 
rectangular  form  is  most  useful  in 
those  instances  involving  the  addi¬ 
tion  and  subtraction  of  impedances, 
in  which  case  the  real  and  quadra- 
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ture  components  are  treated  sepa-  other  form.  The  impedance  may  be  If  the  resistance  and  reactance  are 
rately.  The  polar  form  is  most  con-  expressed  in  the  alternative  rec-  both  driven,  the  magnitude  of  the  im- 
venient  for  the  remaining  types  of  tangular  and  polar  form,  respec-  pedance  is 
operations,  in  which  cases  the  mag-  tively,  as  follows 
uitudes  and  phase  angles  are  dealt  Z  =  R  ±  jX 

with  separately.  The  manner  of  car-  Having  given  tl 
rying  out  these  various  types  of  op-  phase  angle  in  po 
orations  is  indicated  in  the  accom-  tance  and  reacts 
panying  table.  rectangular  forn 

It  is  also  convenient  to  have  on  expressions, 

I'and  means  of  converting  from  one  ^  ^ 

torm  of  expressing  impedance  to  an-  x  = 


\Z\  =  V«*  +  A'2 
and  the  phase  angle  is 

e  =  tan-‘  iX/R) 

The  use  of  these  simple  circuits 
results  in  a  saving  of  time  and  aids 
in  the  analysis  of  more  complicated 
electrical  circuits  employed  in  elec¬ 
tronic  applications. 
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Avoiding  Patent  Pitfalls 


By  RUDOLF  F.  WILD 

Philadelphia,  Pa. 


PATENTS  are  granted  for  “new 
and  useful”  inventions.  Much 
has  been  written  on  the  subject  of 
what  constitutes  a  “patentable  in¬ 
vention”,  because  it  is  not  always 
easy  to  draw  a  boundary  line  sepa¬ 
rating  patentable  from  non-patent¬ 
able  matter.  This  subject  is  par¬ 
ticularly  important  since  the  ma¬ 
jority  of  all  inventions  does  not 
relate  to  basically  new  devices,  struc¬ 
tures,  and  methods,  but  relates  to 
improvements  in  known  and  exist¬ 
ing  ones. 

A  patent  attorney  may  advise 
against  filing  a  patent  application, 
or  the  Patent  Office  or  the  courts 
may  refuse  to  grant  a  patent  for  a 
newly  developed  device  or  method 
because  it  does  not  “amount  to  in¬ 
vention”  or  “merely  involves  me¬ 
chanical  skill”.  These  seemingly  dis¬ 
paraging  remarks  should  not  dis¬ 
hearten  the  inventor,  because  they 
refer  only  to  the  patentability  of  the 
device  or  method  and  are  no  measure 
of  its  usefulness  or  commercial 
success. 

Since  no  exact  definition  of  a  pat¬ 
entable  invention  is  possible,  which 
could  readily  be  applied  in  all  cases, 
considerable  controversy  has  arisen 
at  times  over  this  question,  and  the 
concept  of  a  “patentable  invention” 
tends  to  vary. 

The  following  considerations  may 
be  helpful  in  an  attempt  to  deter¬ 
mine  the  patentability  of  an  inven¬ 
tion  in  doubtful  cases. 

If  the  device,  structure,  or  method 
under  consideration,  which  for  the 
sake  of  brevity  shall  be  termed  the 
“invention”,  relates  to  a  combina¬ 
tion  of  elements  or  method  steps  in 
which  one  or  more  elements  or  steps 
have  been  added  to  a  known  combi¬ 
nation  so  that  the  new  combination 
operates  in  a  new  manner  to  produce 
an  improved  or  different  result,  the 
invention  is  patentable,  provided,  of 
course,  that  it  is  new. 

If  the  invention  relates  to  a  combi¬ 
nation  of  elements,  methods,  or  steps 
differing  from  a  known  combination 
only  by  substitution  of  one  or  more 


tion,  if  feasible,  of  an  embodiment 
in  such  detail  that  it  enables  others 
skilled  in  the  art  to  make  and  use 
this  embodiment  without  the  exer¬ 
cise  of  further  inventive  skill. 

Abstract  ideas  relating  to  inven¬ 
tions  of  non-complex  nature  can 
often  readily  be  translated  into  an 
embodiment.  In  cases  of  complex 
nature,  however,  the  process  of 
translating  the  idea  into  an  embodi¬ 
ment  may  be  a  weary  one.  It  may 
happen  then,  that  a  record  is  made 
of  the  idea,  perhaps  conveyed  to  a 
patent  attorney,  whereafter  all  ac¬ 
tivity  ceases.  In  this  case  no  inven¬ 
tion  has  been  conceived,  because  the 
abstract  idea  was  not  translated 
into  an  embodiment.  From  a  patent 
viewpoint,  therefore,  the  abstract 
idea  alone  is  worthless,  because  it 
cannot  form  the  basis  for  a  patent. 
It  may  be  assumed  and  relied  upon 
in  some  cases,  that  the  patent  at¬ 
torney  is  sufficiently  familiar  with 
the  art  to  be  able  to  translate  the 
abstract  idea  into  an  embodiment. 
While  this  may  be  the  case,  the  in¬ 
ventor,  or  rather  the  originator  of 
the  abstract  idea,  would  not  be  able 
to  prove  inventorship  if  called  upon 
to  do  so  in  interference  proceedings, 
as  will  be  discussed  below.  It  is  es¬ 
sential,  therefore,  that  the  inventor 
(Continued  on  page  159) 


of  the  elements  or  steps  by  their 
known  equivalents,  the  invention  is 
not  patentable,  unless  the  result  ob¬ 
tained  by  this  substitution  is  such 
that  it  would  not  be  expected  by  a 
person  skilled  in  the  art.  The  unex¬ 
pected  result  may  lie  in  a  vast  im¬ 
provement  of  performance  or  effi¬ 
ciency,  considerable  reduction  in 
space  requirements  or  cost,  or  a 
great  increase  in  the  ease  of  manu¬ 
facturing. 

The  same  is  true  if  the  invention 
relates  to  a  combination  of  elements 
or  method  steps  which  differs  from 
a  known  combination  only  by  the 
size,  position,  or  degree  of  one  or 
more  elements  or  steps. 

In  the  last  two  cases  it  is  particu¬ 
larly  important  to  convince  the  Pat¬ 
ent  Office  that  the  invention  repre¬ 
sents  an  advancement  of  the  art. 

The  above  outline  is  rather  crude 
but  it  is  beyond  the  scope  of  this 
discussion  to  enter  more  deeply  into 
this  matter. 


Embodiment  of  the  invention 

Patents  are  not  granted  on  ab¬ 
stract  ideas  without  the  showing  of 
an  embodiment  thereof,  which  con¬ 
sists  in  a  description  and  illustra¬ 
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Commercial  Aircraft  Aids 


A  Photoelectric 
Densitometer 

By  Carl  C.  Smith 

The  device  to  be  described  was  de¬ 
signed  for  the  purpose  of  obtaining 
consistent  densities  in  the  production 
of  separation  negatives,  comprising 
one  phase  of  the  color-separation  proc¬ 
ess  of  making  natural  color  photo¬ 
graphic  prints  from  Kodachrome 
transparencies.  When  used  as  recom¬ 
mended,  the  device  is  sufficiently  ac¬ 
curate  to  insure  uniformity  of  the 
gray-scale  densities  of  negatives  ob¬ 
tained  through  each  of  the  tri-color 
filters  used  in  this  process. 

Den  if)  n  Co  hs  idera  t  ions 

The  essential  elements  comprising  a 
densitometer  include  a  source  of  light, 
a  lens  to  concentrate  and  direct  the 
light,  an  aperture  to  limit  the  area  of 
the  film  to  be  examined  and  some 
means  of  determining  the  amount  of 
light  transmitted  through  the  film  area 
under  consideration. 

In  order  to  maintain  consistent  ac¬ 
curacy  of  measurement,  there  are  a 
number  of  variables  which  must  be 
confined  within  prescribed  limits.  For 
example,  the  obstruction  presented  to 
the  passage  of  light  by  the  silver  grains 
in  the  film  emulsion  is  a  function  of 
the  scattering  and  absorption  of  the 
light  and  both  of  these  factors  vary 
with  the  wavelength  of  the  light  beam 
used.  If  an  incandescent  source  of 
light  is  u.sed,  as  in  the  instrument  de¬ 
scribed,  it  is  es.sential  that  the  filament 
voltage  of  the  lightsource  be  closely 
regulated  since  the  spectral  distribu¬ 
tion  of  the  light  varies  greatly  with 
'^mall  changes  in  filament  temperature. 
When  a  phototube  is  used  as  the 
measuring  element,  an  additional  rea¬ 
son  for  close  maintenance  of  spectral 
quality  is  introduced,  since  all  known 
photosensitive  surfaces  possess  spectral 
selectivity  in  that  they  are  not  equally 
.sensitive  to  equal  intensities  of  radiant 
energy  of  various  spectral  regions. 

Since  the  output  currents  of  photo- 
emissive  tubes  are  usually  of  the  order 


of  microamperes  or  fractions  thereof, 
it  is  necessary  to  amplify  thejoutput  of 
the  phototube  consideraWy  iA  order  16 
facilitate  measurement  of  the  photo¬ 
tube  current  variations  on  commer¬ 
cially  available  deflection  typ^  of 
meters  of  the  order  of  one  milHWipere 
full-scale  deflection.  (Such  a  meter  is 
definitely  desirable  in  an  instrument 
for  use  in  the  dark  rodfh, ’?ffbompared 
to  galvanometers  or  electrometers,  as 
it  is  considerably  more  rugged.)  A 
stable  amplifier  is  therefore  another 
necessary  element. 

Variable  negative  size  and  other  con¬ 
siderations  require  limitation  of  the 
portion  of  the  film  under  measurement 
and  the  necessity  of  using  a  small  aper¬ 
ture  in  the  measuring  beam  path  im¬ 
poses  further  problems  in  the  design  of 
the  amplifier,  in  that  its  sensitivity 
must  be  sufficient  for  the  range  of 
densities  which  it  is  desirable  to  in¬ 
clude.  The  density  of  a  photographic 
emulsion  may  be  expressed  as  the 


logarithm  (to  the  base  10)  of  the  ratio 
of  the  incident  light  to  the  light  trans¬ 
mitted  by  the  emulsion  grains,  thus: 

d  =  logic -j, 

wherein  d  is  the  density  and  I  and  7' 
are,  respectively,  the  incident  light 
and  the  transmitted  light.  This  ex¬ 
pression  is  equivalent  to  the  logarithm 
of  the  reciprocal  of  the  transmission: 

d  =  logic 

wherein  d  is  the  density,  as  before, 
and  T  is  the  transmission  factor  of 
the  emulsion.  From  these  considera¬ 
tions  it  is  apparent  that  a  densitom¬ 
eter  designed  to  cover  the  range  of 
density  of  the  device  described,  0.1  to 
2.0,  must  be  capable  of  measuring  light 
intensity  ratios  of  approximately  100 
to  1. 

^  Elet^onic 

The  electronic  system  incorporated 
in  the  instrument  includes  a  voltage- 
doubler  type  a-c  power  supply  and  a 
single  high-mu  amplifier  tube.  Voltage 
delivered  to  the  phototube  is  well- 
reeulate^by  the  VR  150-30  cdnnected 
across  the  variable  portion  of  the 
power  supply  load  resistor.  Amplifier 
plate  voltage  is  regulated  to  some  ex¬ 
tent  by  the  same  VR  150-30.  Ampli¬ 
fier  plate  current  is  measured  by  a 
zero-to-one  milliammeter  and  increa.ses 
with  decreases  in  the  amount  of  light 
incident  upon  the  phototube  surface. 
The  complete  densitometer  circuit  is 
showTi  in  the  accompanying  schematic 
diagram. 

Since  simplicity  wa^  an  essential  re¬ 
quirement  in  this  device,  the  light- 
source  consists  of  a  small  lamp  which 
has  an  integral  condensing  lens  cast 
with  the  glass  envelope.  The  lamp  is 


Simple  photoelectric  densitometer  designed  to  insure  consistent  densities  in 
color-photography  separation  negatives.  It  functions  as  a  comparator,  a  photo¬ 
graphic  step-wedge  rather  than  direct  calibration  being  used  in  the  process 
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This  new  antenna  by  G.  E.,  with  circvlar  bays,  nlim- 
inatns  the  usual  complex,  costly  structure,  yet 
radiates  energy  uniformly.  It  is  an  example  of  Gen> 
eral  Electric  en9ineerin9  leadership  in  FM  equipment. 


Among  owners  of  frequency-modulation  n 
ceivers,  a  large  majority  like  the  quality  of  F' 
reception.  For  example,  85  per  cent  say  it 
better  than  regular  broadcast  reception,  and  5 
per  cent  would  recommend  it  to  their  friend: 

These  are  facts  and  figures  taken  directly  froi 
a  survey  made  for  General  Electric  in  11  citii 
by  an  independent  research  organization.  Amoii 
owners  of  General  Electric  FM  receivers,  tl 
approval  registered  was  even  greater. 


FM  Receivers 

NO  OTHER 
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Today  G.  E.  is  building  KM  transmitting  and 
receiving  equipment  for  war  purposes  only,  with 
the  same  precision  and  skill  that  characterize 
all  of  its  electronic  devices.  Wlien  |)eace  comes. 
General  Electric  FM  equipinent  will  be  more 
than  ever  the  best  that  money  can  buy!  .  .  .  For 
detailed  information  on  the  FM  survey,  write 
for  booklet,  entitled  “\Miat  the  Consumer  Thinks 
of  FM.^^to  Radio,  Television,  ami  Electronics 
Department, General  Ele<  tric.  Schenectady,  N.  Y. 


leivers  rM  Broadcast  Apparatus  •  FM  Broadcasting  *  FM  Police  Radio  *  FM  Military  Radio 
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mounted  directly  above  the  measuring 
aperture  immediately  below  which  the 
phototube  is  mounted.  The  lamp  is 
battery-operated  to  obtain  constancy 
of  output  during  measurement  and  a 
switch  is  provided  for  opening  the  lamp 
circuit  when  measurements  are  not 
being  made.  This  feature  is  desirable 
since  it  permits  the  amplifier  tubes  to 
remain  at  operating  temperature  while 
other  photographic  work  is  in  progress 
and  thereby  contributes  to  the  stabil¬ 
ity  of  the  amplifier,  since  there  is  al¬ 
ways  some  degree  of  drift  in  a  d-c 
amplifier  until  operating  temperature 
is  reached. 

Method  of  Use 

The  method  of  using  this  densitome¬ 
ter  is  quite  simple.  The  amplifier  tubes 
are  energized  and  allowed  to  attain 
normal  operating  temperature  with  the 
lamp  dark.  After  a  five  minute  warm¬ 
up  time  the  milliammeter  reading  is 
adjusted  to  full-scale  deflection  by  ad¬ 
justment  of  the  variable  arm  of  the 
50,000  ohm  phototube  voltage  control. 
When  the  lamp  is  turned  on,  the  meter 
deflection  automatically  falls  to  about 
5  percent  of  full-scale  deflection.  The 
portion  or  portions  of  the  film  to  be 
measured  are  then  placed  over  the 
aperture  and  the  meter  reading  care¬ 
fully  noted.  A  photographic  step-wedge 
of  the  desired  range  is  next  passed 
over  the  aperture  until  the  meter  again 
reaches  the  deflection  noted  from  the 
film  measurement.  The  density  is  then 
read  directly  from  the  calibration  of 
the  step-wedge. 

It  is  possible,  of  course,  to  make  the 
device  direct-reading  by  expressing  the 
meter  readings  as  a  function  of  density 
and  preparing  a  curve.  Due  to  such 
variable  factors  as  lamp  blackening, 
amplifier  tube  changes  and  battery 
voltage  variation  over  long  periods, 
direct  calibration  of  a  simple  densi¬ 
tometer  of  this  nature  is  not  consid¬ 
ered  desirable.  Little  or  no  inconven¬ 
ience  is  experienced  when  using  a  cali¬ 
brated  wedge  and  a  great  deal  more 
accuracy  is  obtained  since  the  known 
and  unknown  readings  are  taken  within 
a  short  interval  of  time. 


•  •  • 


Thorium  Detector 

Increased  production  of  high-power 
radio  tubes  being  built  at  the  Westing- 
house  Lamp  Division  has  been  made 
possible  by  the  development  of  a  de¬ 
tector  that  automatically  sorts  filament 
wire  to  determine  whether  it  is  made 
of  pure  tungsten  or  contains  thorium. 

The  detection  process  consists  of  in¬ 
troducing  a  sample  of  filament  w’ire 
into  an  electric  carbon  arc.  As  the 
wire  burns  completely,  visible  results 
are  observed  by  means  of  a  spectro¬ 
scope.  Two  lines  appear  in  the  observed 
spectrum  if  the  wire  is  pure  tungsten 
while  four  lines  appear  if  the  wire  con¬ 
tains  thorium. 


Device  for  “Blind  Cashiers” 

Blind  29-year  old  Canadian  George  A. 
Lafleur  has  invented  a  portable  ma¬ 
chine  which  detects  the  denomination 
of  United  States  paper  currency.  It 
buzzes  once  on  dollar  bills,  twice  on 
fives,  three  times  on  tens  and  four 
times  on  twenties. 

In  operation,  the  device  requires  that 
the  bill  to  be  examined  be  placed  in  a 
metal  “billfold”  compartment,  where 
it  is  scanned  by  a  light-beam.  Light  re¬ 
flected  from  one  of  the  four  denomina¬ 
tion-determining  numbers  in  a  corner 
of  the  bill  is  reflected  into  a  phototube 
and  the  output  of  the  phototube  actu¬ 
ates  the  signalling  mechanism. 

According  to  J.  O.  Kleber,  chief  en¬ 
gineer  for  the  American  Foundation 
for  the  Blind,  under  whose  auspices  the 
device  was  recently  demonstrated,  the 
operating  principle  could  be  readily 
adapted  to  detection  of  different  cloth 
textures.  He  thinks  the  bill  detector 
would  probably  cost  about  $25  to 
manufacture. 


•  •  • 

Control  for  One-Way  Tiinnel 

Bingham,  Utah  boasts  a  6,000-ft.  ve¬ 
hicular  tunnel  through  which  cars  may 
pass  in  either  direction  but  not  at  the 
same  time.  G-E  automatic  electronic 
controls  set  entrance  traffic-lights  so 
that  traffic  may  flow  in  one  direction 
only  for  three  minutes,  make  sure  that 
precisely  the  same  number  of  cars 
come  out  as  went  in,  then  switches  the 
lights  in  the  other  direction.  If  the 
tunnel  is  not  completely  cleared  within 
five  minutes  after  traffic  starts  to  flow 
through  it  a  signal  sounds  and  a  patrol¬ 
man  goes  in  to  determine  the  cause  of 
the  jam,  manually  re-setting  the  sys¬ 
tem  after  he  has  the  jam  cleared. 

Photoelectric  relays  just  inside  the 


Salt  Lake  County  electrician  Cariquis; 
checks  operation  of  the  one-way  tunnel 
traffic-control  unit 


tunnel  at  each  end  constitute  the  sys¬ 
tem’s  automatic  traffic  “cop”,  cars 
cutting  light  beams  as  they  enter  and 
again  as  they  leave.  Traffic  lights  re¬ 
main  set  for  traffic  flow  in  one  direction 
only  until  the  number  of  cars  counted 
at  the  exit  equals  the  number  counted 
at  the  entrance.  In  the  absence  of 
traffic  in  either  direction,  a  conven¬ 
tional  timing  apparatus  switches  the 
traffic  lights  every  three  minutes.  En¬ 
try  of  a  car  from  either  direction 
causes  the  photoelectric  system  to  as¬ 
sume  control. 

In  addition  to  controlling  traffic, 
electronic  equipment  insures  proper 
tunnel  ventilation,  turning  on  a  blower 
when  the  carbon  monoxide  content  of 
the  air  within  the  tunnel  rises  above  a 
pre-determined  value  and  turning  the 
blower  off  again  when  the  air  is  satis¬ 
factorily  cleared.  Traffic  is  automat¬ 
ically  prohibited  from  entering  the 
tunnel  while  the  carbon  monoxide  is 
being  cleared. 


Traffic  signals  at  the  tunnel  portals  consist  of  one  green  and  three 
red  lights.  Two  of  the  red  lights  are  in  parallel  to  guard  against  burn¬ 
ing  out  of  a  lamp.  The  other  red  light  is  connected  to  batteries  through 
a  throw-over  relay,  stops  tunnel  traffic  in  the  event  of  a  power  failure 
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SUBSIDIARY:  UNITED-CARR  FASTENER  CORP.,  CAMBRIDGE,  MASS 


You  don’t  need  to  look  to  know  that  in 
the  first  line  of  communications,  you’re 
sure  to  find  CINCH  parts,  performing  as 
they  are  expected  to  .  .  .  on  the  past  repu¬ 
tation  of  a  quarter  of  a  century  of  satis¬ 
faction  where  the  utmost  is  demanded  .  . . 


sockets,  terminal  strips,  lugs  and  con¬ 
nectors  are  sure  to  be  "in  there  working 
all  the  time". 


Photo  by 
U.  S.  Army 
Signal  Corps 


MANUFACTURING  CORPORATION  •  2335  WE^T  VAN  BUREN  STREET  •  CHICAGO,  ILL. 
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MIGHTY  IN  THE  PINCHES 


KEEP 


EM  ROLLING  WITH 
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Trade  Mark  Req 
U  S  Potent  O'* 


Hammered  Iron  Tips 
Last  Longer 

In  order  to  save  tin  the  percentage  of 
this  metal  used  in  solder  employed  by 
many  firms  in  the  electronic  equipment 
manufacturing  field  has  been  reduced. 
Solder  containing  less  than  the  pre¬ 
war  amount  of  tin  appears  to  be  satis¬ 
factory  for  most  purposes  but  it  re¬ 
quires  the  application  of  more  heat  to 
make  it  flow  properly.  The  resulting 
use  of  hotter  soldering  irons  has,  in 
some  instances,  materially  shortened 
the  life  of  copper  soldering-iron  tips 
and  copper,  too,  is  a  metal  which  must 
be  conserved. 

From  Bill  Schall,  chief  inspector  of 
one  of  the  Stromberg-Carlson  Tele¬ 
phone  Mfg.  Co.  plants,  comes  word 
that  filing  of  soldering-iron  tips  hastens 
their  demise.  It  is  better,  says  Bill,  to 
hammer  them  back  into  the  required 
shape,  and  better  still  to  have  such 
hammering  and  the  required  re-tin¬ 
ning  done  by  a  few  experts  for  the 
entire  plant.  S-C  has  standardized  on 
three  soldering-iron  tip  shapes  to  fa¬ 
cilitate  such  wholesale  re-conditioning. 


%00  0Ktn.s 

C.P.  ClARUCO. 


Photoelectric-Controlled 
Coal  Larry 

At  the  Adolph  Coors  Company  plant 
in  Golden,  Colorado,  G-E  photoelectric 
relays  play  an  important  role  in  ef¬ 
fectively  controlling  the  movements  of 
a  “larry”  or  movable  coal-bin  which 
evenly  distributes  fuel  to  a  sectional 
hopper  feeding  a  chaingrate  boiler. 
The  relays  were  installed  to  replace 
limit  switches,  eliminating  mechanical 
wear,  and  are  used  in  conjunction  with 
an  electronic  time-delay  relay  which 
permits  the  larry  to  be  brought  to  a 
smoother  stop  than  is  ordinarily  pos- 


War  intensifies  the  engineer’s  constant  fight 
against  weight  and  space.  Every  ounce,  every  inch,  meets  the  toughest 
kind  of  "squeeze  play"  In  assisting  the  C.  P.  Clare  &  Co.  solve 
the  problem  of  designing  a  midget  relay  that  would  do  a  giant’s  job, 
Callite  produced  silver  contacts  of  small  size,  of  precision  uniformity, 
and  extraordinary  abuse-resisting  stamina.  Today,  Callite-equipped 
Clare  Relays  are  vital  fighting  parts  of  planes,  corvettes,  tanks  and 
other  powerful  weapons. 

When  similar  contact  problems  confront  you,  Callite  will  gladly 
assist  in  finding  an  efficient  solution.  Catalog  No.  152  describing 
C-T  screw,  rivet  and  welding-type  contacts  is  now  available. 


CALLITE  TUNGSTEN  CORPORATION 

544 -39th  St.,  Union  City,  New  Jersey*  Branches:  Chicago,  Cleveland 


SPECIALISTS  in  the  manufacture  of  electrical  contacts  ond  formed  parts  for  all 
electronic  applications  in  standard  or  special  shapes  —  of  tungsten,  molybdenum, 
silver,  platinum,  palladium  and  alloy  combinations  of  these  metals. 

As  Callite  Tungsten  products  use  materials  under  priority  control,  preference  rating 
extensions  and  end  use  data  must  be  supplied  with  all  orders. 


Fuel  is  evenly  distributed  by  this  movable 
coal-bin  traveling  on  an  overhead  track. 
One  of  two  control  units,  comprising  a 
ligbtsource  and  a  phototube,  may  be  seen 
in  the  upper  right  comer,  immediately 
beneath  the  wheel 
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FOR  oeuef*  RESULTS 
USE  TUBES  WITH 
GENERAL  CERAMICS 
STEATITE  INSULATORS 


V''’* 


Two  major  advantages  over  ordinary  commercial 
steatites  are: 

1.  Low  surface  conductivity  and  contamination. 

2.  Good  insulating  quality  at  high  operating 
temperatures. 

As  vacuum  tubes  increase  in  power,  more  and  better 
insulation  becomes  necessary.  Glass  insulation  is  unsat¬ 
isfactory  at  high  temperatures  and  high  frequencies. 
Natural  lava  from  Sicily  has  the  essential  insulating 
qualities  but  is  unobtainable. 

General  Ceramics  has  succeeded  in  producing  a 
steatite  that,  as  an  insulator,  is  equal  to  natural  lava, 
but  requires  no  expensive  Carboloy  tools  for  machin¬ 
ing.  In  addition,  these  insulators  are  made  of  domestic 
materials  and  therefore  are  available  in  quantities. 

Outstanding  electronic  tube  manufacturers  have 
tested  General  Ceramic’s  Steatite  Insulators  and  are 
using  them  with  marked  success.  These  insulators  can 
he  supplied  in  pressed  or  extruded  shapes  for  ever)- 
type  of  vacuum  tube  requirement. 

GENERAL  CERAMICS  AND 
STEATITE  CORPORATION 


KEASBEY 


NEW  JERSEY 
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BOTH  ARE  1 
JEFFERSON  ELECTRIC 

TRANSFORMERS 


sible  when  a  driving  motor  is  plugged. 

Attached  to  both  lower  rear  corners 
of  the  larry  are  units  comprising  a 
lightsource  and  a  phototube.  As  the 
larry  oscillates  slowly  back  and  forth 
on  an  overhead  track  in  front  of  the 
hopper,  vertical  metal  strips  suspended 
from  the  rear  rail  intercept  a  beam 
and  stop  the  larry  at  corresponding 
hopper  sections.  Use  of  a  photoelectric 
relay  unit  at  each  rear  corner  of  the 
larry  insures  operation  regardless  of 
the  direction  in  which  the  larry  is 
travelling.  The  metal  strips  inter¬ 
cepting  the  light  beam  are  hinged,  so 
that  they  may  be  thrown  up  out  of  the 
way  if  a  particular  hopper  section  is  to 
be  skipped. 

Photoelectric  relays  also  control  the 
movement  of  the  larry  when  it  re¬ 
quires  re-filling.  An  end  upright  is 
swung  up  out  of  the  way,  permitting 
the  larry  to  run  a  distance  of  thirty 
feet  to  the  coal  supply,  where  a  similar 
upright  intercepts  the  light  beam  and 
stops  the  larry  so  that  it  can  be  filled. 


"THE  small  1.6  ounce  transformer  is  as  accurately 
made — to  give  as  precise  performance  as  the  largest 
transformers. —  Both  are  Jefferson  Electric  in  correctness 
of  design  and  accuracy  of  manufacture. 

The  line  of  Jefferson  Electric  Transformers  for  all 
radio  and  communication  systems  incorporates  correct 
basic  engineering  resulting  from  a  lifetime  of  trans¬ 
former  specialization.  They  include  a  wide  range  of 
sizes  and  are  made  to  withstand  the  climatic  conditions 
anywhere^ — from  the  Tropics  to  the  Arctic. 

In  the  manufacture  of  millions  of  transformers,  skilled 
craftsmanship  has  been  developed  which  with  modern 
equipment  and  250,000  square  feet  of  plant  space 
make  possible  largeoutputof  dependably  uniform  quality. 

To  aid  you  in  saving  time,  our  engineers  will  be  glad 
to  make  recommendations  .  .  .  JEFFERSON  ELECTRIC 
COMPANY,  Bellwood,  (Suburb  of  Chicago)  Illinois, 
Canadian  Factory:  60-64  Osier  Ave.,  W.  Toronto,  Ont. 


R-F  Heating 
Aids  Tin-Can  Makers 

Tin  plating  on  many  of  the  cans*  in 
which  food  is  shipped  to  United  Na¬ 
tion’s  fighters  everywhere  will  shortly 
be  less  than  thirty  millionths  of  an 
inch  thick,  one  pound  of  the  precious 
metal  doing  a  job  that  formerly  re¬ 
quired  three. 

Instead  of  dipping  strip  steel  used  in 
the  manufacture  of  cans  into  molten 
tin,  engineers  have  devised  a  means  of 
depositing  the  tin  by  electrolysis.  After 
electroplating,  the  tinplate  must  be 
heated  so  that  the  tin  will  flow  and 
cover  the  plate  without  flaws.  The 
heating  is  accomplished  during  the  elec¬ 
trolysis  process,  without  physical  con¬ 
tact  between  the  plate  and  the  heating 
equipment,  by  induction.  Thus  danger 
of  arcing  or  burning  is  minimized  and 
the  steel  strip  may  run  continuously 
through  the  “flow  zone”. 

Equipment  with  w'hich  to  test  the 
practicability  of  the  new  electroplating 
process  was  originally  set  up  by 
Westinghouse  engineers  in  a  radio 
manufacturing  plant.  Tubes  designed 
for  broadcasting  service  supplied  the 
required  high  frequency  current  and, 
curiously,  a  clothes-wringer  pulled  the 
test  strip  through  the  heating  unit. 


Coiiiiiierc'ial  Aircraft 
Aids 


From  the  Civil  Aeronautics  Adminis¬ 
tration  comes  word  of  several  electronic 
communications  and  navigation  inno¬ 
vations  which  will  aid  American  com¬ 
mercial  aviation: 

A  new  uhf  two-course  radio  range 
system  has  been  developed  to  the  point 
where  initial  installations  can  be  made. 
Pilots  will  have  visual  indication  of 
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PEACE-lBi¥rW«rTO  WAR 


AS  GIFTS 


SERVE  ALL  FRONTS! 


BY  GUARDIAN 


ir  Yuletide  joys  of  '42  will  not  include  the  many  electrical  gifts  which 
brought  us  cheer,  and  ease,  and  comfort  in  other  years.  Relays  by  Guardian 
have  marched  on  from  peacetime  industry  to  the  firing  lines  of  war.  Doing 
war  jobs  in  many  ways  ...  in  planes  ...  in  tanks  ...  in  communications  .  .  . 
in  bomb  releases  and  gun  controls.  Wartime  jobs  which  Guardian  anticipated 
and  planned  long  before  "Pearl  Harbor". 

But,  while  thinking,  building,  and  engineering  the  tools  of  war  today. 
Guardian  again  is  looking  ahead  to  peacetime  applications  of  Relays,  Sole¬ 
noids,  Electrical  Controls  of  all  kinds.  If  you  are  making  plans  for  "after- 
it's-over",  ask  our  engineers  to  plan  with  you.  Write  to  Guardian.  Our  war¬ 
time  experience  can  help  you  build  better  products  for  the  future. 


CONTROLS  FOR  ANY  PURPOSE 


ranging 

from  150  watts  to  1000  amps  .  .  .  from  tiny 
relays  weighing  less  than  an  ounce  ...  to 
big,  rugged  two-pound  contactors. 


GUARDIAN  I^ELECTRIC 


KLECTROMCS 
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THE  PERKIN -ELMER  CORPORATION 


GLENBROOK,  CONNECTICUT 


MANUFACTURERS  OF  PRECISION  LENSES  •  PRISMS  and  MIRRORS 


the  sector  in  which  they  are  flying. 
Voice  communication,  when  requin  d, 
will  over-ride  the  range  signals,  m 
the  same  frequency. 

Simple  and  inexpensive  monitors  f'>r 
radio  airport  boundary  markers  have 
been  developed  and  are  ready  for  wide¬ 
spread  installation.  The  monitors  are 
small  receivers  placed  halfway  be¬ 
tween  markers  and  airport.  They  actu¬ 
ate  a  siren  if  for  any  reason  the 
marker  transmissions  fail,  bringing  re¬ 
pairmen  in  a  hurry. 

Unattended  weather- reporting  and 
traffic-control  transmitters  located  at 
many  isolated  spots,  such  as  on  moun¬ 
tain-tops  or  islands,  will  henceforth 
be  controlled  by  frequency  modulated 
radio  signals.  This  saves  wire  by 
avoiding  the  necessity  for  cabling  be¬ 
tween  such  stations  and  their  remote 
control  points,  still  permits  them  to  be 
turned  off  at  an  instant’s  notice  at  the 
approach  of  any  enemy.  Small  radio 
transmitters  are  being  used  as  “ob¬ 
struction  markers.”  Installed  atop  high 
towers  or  buildings,  they  give  ap¬ 
proaching  planes  a  distinctive  warning. 
Warning  signals  come  through  to  the 
pilot’s  earphones  over  regular  aircraft 
radio  communications  channels  and,  in 
some  instances,  also  actuate  a  warning 
light  on  the  instrument  panel. 

Under  development  is  a  radio  range 
monitor  which  not  only  warns  CA.\. 
airways  workers  when  a  range  trans¬ 
mitter  drifts  as  little  as  three  deg.  off 
its  proper  compass  points  but  also 
sends  a  distinctive  warning  to  ap¬ 
proaching  planes,  indicating  when 
something  is  out  of  whack  in  the 
ground  equipment. 


HOW  OPTICS  SERVED 
A  CHEMICAL  PLANT 


A  A  troublesome  operation  in  a 
well  known  chemical  plant  was  the  reading  of  inacces- 
sible  gauges.  Every  twenty  minutes  an  employee  would 
climb  a  fifty-foot  ladder  and  call  successive  readings  down  s 

to  the  control  board  below.  Today  all  these  measurements  are 
taken  instantly  by  the  engineer  on  duty,  without  leaving  his  chair 
and  with  far  greater  accuracy.  Control  has  been  greatly  Im¬ 
proved;  unnecessary  time  and  labor  eliminated... This  improvement 
was  an  accomplishment  of  advanced  optical  design  and  manu¬ 
facturing,  a  typical  example  of  how  Perkin-Elmer  engineers 
can  improve  industrial  efficiency.  Frequently  the  amazing  science 
of  optics  can  "team  up"  with  chemical,  mechanical  or  electronic 
methods  to  provide  the  answer  to  otherwise  insoluble  problems. 

’  Despite  the  fact  that  The  Perkin- 

Elmer  Corparation  facilities  are 
devoted  entirely 
to  the  war  effort  for  the  dura- 
'  shall  welcome  your  let. 

J  ter  describing  present  problems 
or  future  plans.  If  we  can  be  of 
now  or  in  the  we 

shall  be  glad  of  the  opportunity. 


100,000,000.VOLT 

ELECTRONS 


G-E's  Dr.  E.  E.  Charlton  (right)  and  W.  F. 
Westendorp  examine  coils  of  a  new  100.- 
000.000-Tolt  "induction  electron  accelera¬ 
tor,  which  will,  among  other  things,  per¬ 
mit  x-ray  studies  beyond  the  8-inch  armor 
plate  depth  achieved  by  present-day 
1,000,000  volt  machines 
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The  high  regard  in  which  IRC 
Resistors  are  held  by  Engineers  and  Executives  of 
America’s  leading  electronic  industries  is  clearly  attested 
by  the  voluntary  remarks  quoted  at  the  right.  These  are 
taken  from  among  returns  to  a  nation-wide  marketing 
study  recently  made  by  a  wholly  independent  research 
organization.  This  survey  was  completely  unbiased, 
with  no  company  name  or  product  disclosed. 


PREFERHeD 

PERFORMANCE 


FIXED  AND  VARIABLE 

RKSIISVORSI 

INTERNATIONAL 
RESISTANCE  COMPANY 

403  NORTH  BROAD  STREET 
PHILADELPHIA,  PA. 


"We  require  quality,  uniform¬ 
ity,  service  —  and  I  R  C  have 
proven  without  a  doubt  de/i- 
^  nitely 

"I  R  C  seems  to  be  choice  of 
engineers  in  the  government 
radio  research  job  I’m  in." 

"Most  complete  engineering 
data." 

"Most  stable  as  determined  by 
laboratory  tests  over  two-yeor 
period." 

".  .  .  in  my  business.  Aircraft 
Electrical  Engineering,  I  always 
specify  I  R  C." 

"Fine  people  to  do  business 
with." 

"We  handle  only  one  line  of 
resistors  and  of  course  that 
must  be  the  best  —  namely 
I  R  C." 

"To  us,  in  the . 

Company,  the  I  R  C  mark  on 
a  resistance  is  the  equivalent 
to  a  hallmark  on  sterling." 


IRC  Ri«s  Hie  flag  of  the  Army  > 
Navy  Production  Award 
for  “^igh  achievement.'* 
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theorem,  DB/AB  =  AB/BC  or  BC  = 
AB'IDB.  AB  =  1  in  the  scale  used, 
then  BC  is  the  reciprocal  of  DB.  DB 
can  represent  the  absolute  value  of 
the  impedance,  Z,  and  BC  will  equal 
\/Z.  If  AB  equals  some  other  value 
than  1,  such  as  10,  then  BC  =  \Q-/DB 
or  100  times  the  true  reciprocal. 

This  method  of  finding  reciprocals 


Fig.  1 — Triangle  illustrating  that  the  verti¬ 
cal  line,  AB  is  the  geometric  mean  oi  the 
two  segments  oi  the  base,  DB  and  BC 


This  300,000-volt  x-ray  machine  is  in  everyday  use  inspecting  welded  joints. 
It  inspects  steel  up  to  4  inches  in  thickness.  Note  the  photographic  plate 
inside  the  pipe  at  the  portion  oi  the  weld  being  inspected 
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THE  ELECTRON  ART 


Some  Graphic  Solutions 
of  Parallel  Circuits 


Robert  C.  Paine 

Graphic  solutions  of  series  circuits 
are  familiar  to  every  electrical  student 
but  solutions  of  parallel  circuits  are 
not  so  well  known.  This  is  probably 
because  electrical  properties  of  cir¬ 
cuit  elements  are  given  on  the  basis 
of  resistance,  reactance,  and  imped¬ 
ance.  Solutions  of  parallel  circuits 
convert  these  values  to  conductance, 
susceptance  and  admittance  for  com¬ 
bining  them  and  then  convert  back 
again  for  obtaining  the  answer  usually 
required. 

Some  graphic  solutions  of  parallel 
circuits  are  presented  here  which  de¬ 
pend  on  the  theorem  in  geometry  which 
states  that,  “The  perpendicular  from 
the  vertex  of  the  right  angle  to  the 
hypotenuse  of  a  right  triangle  is  a 
mean  proportional  between  the  seg¬ 
ments  of  the  hypotenuse.”  This  theorem 
enables  us  to  find  the  reciprocal  of  a 
number  graphically. 

In  Fig.  1,  a  right  triangle  is  shown 


7'  'A/ 

A 


Fig.  2 — Diagram  illustrating  the  general 
case  of  the  combination  oi  two  impedances 
connected  in  parallel,  the  resultant  oi 
OZi  and  OZ2  being  OZ 


can  be  used  in  the  formula  for  parallel 
impedance,  Z  =  IHIIZ^  +  1,  Z*  -f-  ,  . 

We  find  the  reciprocals,  1,  Z„  l/Z^  .  .  . 
graphically,  add  these  values  vector- 
ially  and  find  the  reciprocal  of  the  sum 


Fig.  3 — Two  impedances  oi  opposite  sign, 
OZi  and  OZ2,  when  connected  in  parallel 
produce  the  net  impedance  OZ 

which  equals  the  combined  impedance, 
Z.  If,  due  to  the  scale  of  the  perpen¬ 
dicular,  AB,  the  sum  of  1/Z,  4-  l/Z^  . . . 
is  changed  by  a  factor  sucb  as  100  as  in 
the  illustration  above,  this  error  will 
be  compensated  for  when  finding  the 
I'eciprocal  of  the  sum  by  the  same 
method.  Therefore  the  perpendicular 
can  be  of  any  convenient  value,  but 
for  greatest  accuracy  it  should  be 
about  the  length  of  the  average  im¬ 
pedance  of  the  problem. 

The  general  ease  of  two  impedances 
in  parallel  OZ,  and  OZ.^  is  shown  in 
Fig.  2.  A  circular  arc  is  drawn  about 
the  point  O  with  any  convenient  radius. 
On  OZi  a  perpendicular  0.4  is  erected. 
Its  intersection  with  the  arc  at  A  is 
used  to  form  the  vertex  of  a  right 
triangle,  one  side  of  which  is  formed 
by  the  line  AZ,  and  the  other  by  the 
line  AB  drawn  at  right  angles  to  AZ,. 
Then  OB  k  (l/OZ,).  In  the  same 
way  OC  is  drawn  equal  to  k{l/OZ.). 


X-RAYS  SPEED  WAR  PRODLCTION 


Graphic  Solutions  of  Parallel  Circuits . 

Icjnitron  Rectifier  in  Industry . 

The  Mass  Spectrometer . 

Atmospheric  Propagation  of  Soimd . 

Telephone  for  Hard-of-Hearing . 

Amplification  Factor  with  Square  Mesh  Grids 

Measurements  of  Very  Short  Waves . 

Extending  Range  of  Meters . 
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CONNEGORS 
TO  GUARD  THE 
ULTRA-HIGH 
FREQUENCIES 


XHE  coaxial  fittings  shown 
here  are  known  as  Type  TQ 
Connectors  and  are  one  of  the 
many  styles  of  Cannon  Plugs  used  in  radio  and  television  work. 

Designed  to  keep  the  unruly  high  frequencies  under  control,  the 
TQ  Fittings  provide  continuous  shielding  with  constant  impedence 
thereby  maintaining  the  shielded  circuit  through  any  connection 
point.  The  body  of  both  plug  and  receptacle  is  machined  from 
solid  brass  rod  and  is  cadmium  plated.  Isolantite  washers  are  used 
for  insulation.  A  skirt  at  the  back  of  the  fitting  provides  for  easy 
soldering  of  the  cable  shielding  to  the  shell  of  the  contact. 


CANNON  SERVES  MANY  INDUSTRIES 

The  sound  engineering  back  of  the  TQ  Connector  and  the  features 
designed  to  aid  the  user  are  typical  of  the  care  given  every  construc¬ 
tion  detail  in  all  types  of  Cannon  Plugs  which  are  used  by  many 
industries — wherever  dependable  elearical  connections  are  needed. 


Diagram  shows  how  removable  doors  permit  easy  access  to 
terminals  for  wiring.  A  tapered  skirt  makes  it  easy  to  solder 
shielding  of  cable  to  the  connector.  The  outer  shell  on  the 
plug  protects  both  the  wiring  and  shielding. 

CANNON  ELECTRIC 

Cannon  Electric  Development  Company,  Los  Angeles,  California 

Canadian  Factory  and  Enginaaring  Offle*:  Cannon  Electric  Company,  Limitod,  Toronto,  Canada 


OB  and  OC  are  then  added  in  the  par¬ 
allelogram,  OBDC,  to  form  OD,  equal.s 
k  {lJOZi-\- IjOZt) .  On  OD  a  perpen¬ 
dicular  OF  is  erected  and  a  right 
triangle  drawn  as  before,  the  segment 
of  its  hypotenuse  OZ  equals  k  X 
l/k{l/OZi  +  l/OZj) .  This  is  the  com¬ 
bined  impedance  desired  and  is  shown 
in  the  correct  phase  relation  to  the 
given  impedances,  OZ,  and  OZ^.  Three 
or  more  impedances  can  be  combined 
in  a  similar  way,  adding  two  at  a  time. 

The  combination  of  two  impedances 


Fig.  4 — The  vector  OZ  represents  the  paral¬ 
lel  combination  of  a  pure  resistance,  OZ, 
combined  with  a  pure  reactance,  OZ;, 


Fig.  5 — A  section  oi  Fig.  4  illustrating  that 
Zf  is  the  geometric  mean  oi  R,  and  X,  con¬ 
nected  in  parallel 


of  opposite  sign,  as  in  resonant  circuits 
is  shown  in  Fig.  3.  In  this  case  unless 
the  Q  of  the  circuit  is  quite  low  the 
figure  becomes  impractically  large. 

The  case  of  a  resistance  OZ,  and  pure 
reactance  OZ.  is  indicated  graphically 
in  Fig.  4.  In  this  special  case  the  com¬ 
bined  impedance  OZ  is  seen  to  be 
equal  to  the  perpendicular  from  the 
vertex  to  the  hypotenuse  of  the  right 
triangle  OZjZj.  This  construction  is  re¬ 
drawn  in  Fig.  5  to  show  a  simple 
method  of  combining  resistance  and 
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€is!! 


Might  Patrol 


A*^irbrike  piston — drilled,  turned  and 
_!|Srooved  on  lathe,  milled. 

®44jisulator — bandsawed.  turned,  drilled, 
■w  ***d  counterbored. 

Vl' 


UBOATPNo,  she’s  an  American  this 
one,  prowling  for  the  Japs  . . .  off 
Zamboanga... in  the  Gulf  of  Papua... 
or  on  the  Timor  Sea. 

The  advantages  of  Synthane  for  sub¬ 
marine  equipment  are  not  naval  se¬ 
crets.  Synthane  is  simply  valued  for 
the  same  properties  that  were  so  desir¬ 
able  in  peace  time  applications,  namely 
resistance  to  corrosion  from  solvents. 


acids,  salts  and  w’ater;  structural 
strength,  light  weight,  excellent  elec¬ 
trical  insulating  properties  and  ease 
of  machining. 

Keep  abreast  of  the  developments 
in  the  field  of  technical  plastics  through 
Synthane  folders.  We’ll  gladly  send 
them  at  your  request. 

SYNTHANE  CORPORATION.  OAKS,  PENN  A. 
W'lfor  War  Bonds — Treasury  Department  Honor  Roll 


Plan  ifour  pri’mvnt  anti  tuturf  with  plamtlm 


!^Y>TilAXK  TKt  IIAII'AL  PLA^iTirs 


SHEETS •  RODS* TUBES •  FABRICATED  PARTS 


SILENT  STABILIZED  BEAR  MATERIAL 


Bakeiiie —  g,l  taminaieB 


^Coupled  fo  the  War  Effort 


pure  reactance  in  parallel.  This  method 
for  the  parallel  combination  corres¬ 
ponds  to  the  well  known  impedance  tri¬ 
angle  for  series  circuits.  The  proof  of 
Fig.  5  is  as  follows:  By  similar  trian¬ 
gles,  we  have  proportion  ZJR,  =  XJ 
Vft,*  +  or  Z,  =  R,  XJ  Vflp*  +  A',*. 
This  is  the  mathematical  formula  for  a 
resistance  and  reactance  in  parallel  as 
given  in  many  textbooks. 

If  it  is  not  required  to  find  the  phase 
angle  but  only  the  absolute  value  of 
parallel  impedances,  another  theo.cm 
of  geometry  can  be  used.  This  theorem 
states  that  in  any  triangle  a  line 
drawn  parallel  to  the  base  divides  the 
sides  proportionally.  Thus  in  Fig.  G, 
AB  AC  =  AD/AE,  or  AD  =  AB  X 


in  a  hundred  ways,  Cardwell  is  also  tied  into  almost  every  type  of  communication 
equipment  through  the  extensive  use  of  Cardwell  Flexible  and  Rigid  Insulated 
(Couplings  to  isolate  radio  frequency  controls. 

When  the  type  "A"  Coupling  was  first  de- 
signed,  even  though  we  believed  it  to  be  "tops", 
we  hardly  expected  the  tremendous  acceptance  it 
'  now  enjoys.  Since  it  seems  minute  in  comparison 

to  the  larger  units,  we  have  "blown  up"  a  sepa* 
rate  view  of  this  most  popular  of  all  the  Cardwell 
wma  Couplings,  to  better  indicate  its  construction. 

Type  "PNF"  is  the  most  widely  used  of  the  rigid 
types,  while  type  "C"  and  "E"  are  the  standard 
flexible  units  for  higher  voltage  and  torque.  Type 
"Q"  and  "F"  are  special  and  not  so  readily 


Fig.  6 — Diagram  which  may  be  used  to 
•ind  'the  absolute  value  but  not  the  phase 
ol  two  paralleled  impedance;  AD  is  the 
resultant  of  AB  and  AE 


Fig.  7 — Application  of  Fig.  6  to  two  im¬ 
pedances.  OZi  and  OZ^,  whose  resultant 
when  connected  in  parallel,  is  OZ 


AEIAC.  If  AB  =  Z„  AE  =  Z,,  AC  = 
Z,  -f  Zj,  and  AD  =  Z,  this  equation 
becomes  the  well  known  formula  for 
parallel  impedance,  Z  =  (Z,  +  Zj) . 

The  application  of  this  method  to  two 
impedances,  OZ,  and  OZ,  is  shown  in 
Fig.  7.  OZ,  and  OZ.^  in  correct  phase 
relation  are  added  graphically  to  form 
0(Z,  +  Z,).  This  sum  is  then  trans¬ 
ferred  by  compass  to  the  same  line  a> 
OZ,.  OZ,  may  then  be  redrawn  in  any 
convenient  position,  as  0(Z,)  to  open 
up  the  angle  between  OZ,  and  OZ,  for 
greater  accuracy,  ordinarily  at  about 
GO  deg.  with  OZ,.  A  line  is  drawn  from 
(Z,  +  Z.)  to  (Z,),  then  a  line  through 
Z,  drawn  parallel  to  this  line  inter¬ 
sects  0(Z,)  at  Z  and  OZ  is  the  re- 


Manufactured  of  critical  maferials,  including  phosphor  bronze  springs,  brass 
hubs,  Alsimag  #196  insulation,  case  hardened  cup  point  steel  set  screws,  etc., 
highest  priorities  are  required  to  insure  delivery  of  these  small  items,  so  vital, 
however,  to  communications  equipment  and  therefore  of  priceless  importance. 


CARDWELL 


CONDENSERS 


THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 
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Yrom  Guadalcanal 
to  Murmansk , , , 


Fighting  Microphones  by 


Designers  and  Manufacturers  of  Microphones  and  Acoustic  Deuces 


Shure  "Fighting  Microphones”  Get  The 

Message  Through  in  the  hot,  humid  jungles 
of  the  Tropics  .  .  .on  the  icy  tundras 

of  the  Arctic.  Microphones  must  function 
under  extreme  conditions.  Neither  heat 

nor  cold,  neither  moisture,  impact  or  blast 

can  imperil  vital  information!  Shure  Micro¬ 
phones— on  every  crucial  battle  front  in 
the  world— are  made  to  meet  every  test  of 
widely  varying  conditions.  From  Guadal¬ 
canal  to  Murmansk  .  .  .  from  Libya  to  the 
Caucasus,  they  will  Get  The  Message  Through! 


t 


Fig.  9 — Impedance  triangle  constructed  for 
two  impedances  of  the  same  phase  angle 
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BARKER  &  WILLIAMSON,  Radio  Manufacturing  Engineers 

235  Fairfield  Avenue,  Upper  Darby,  Pa. 


VARIABLE  CONDENSERS  FOR  HIGH  POWER  USES 


Actually,  over  90%  of  our  inquiries  on  band-switching  problems  can  be 
solved  by  B  &  W  Turret  Coils — better  and  more  efficiently  than  by  any  other 
means. 


In  performance,  B  &  W  Turret  Coils  meet  most  exacting  specifications.  Their 
ruggedness  assures  this  performance  even  when  the  going  is  toughest.  Their 
manufacture — pioneered  by  B  &  W  engineers  on  a  quantity,  line  production 
basis — is  fast  being  developed  to  meet  vastly  increased  wartime  demands  "on 
the  nose." 


For  greatest  efficiency  in  the  selection  and  use  of  Turret  Coils,  we  suggest 
that  you  consult  B  &  W  engineers  on  your  basic  equipment  design.  A  wealth 
of  specialized  engineering  experience  is  freely  at  your  disposal. 


Literature  upon  request.  Inquiries  invited. 


Shorter  than  conventional  units  and  having  built-in 
neutralisers  and  built-in  coil  mounting  feature,  B  &  W 
Variable  Air  Condensers  meet  the  highest  performance 
standards.  Other  features  include  perfect  electrical  sym¬ 
metry;  Alsimag  196  insulation  throughout;  low  dis¬ 
tributed  inductance;  low  minimum  capacities;  and  many 
more  desirable  characteristics.  Technical  data  sheet 
upon  request. 


quired  value  of  the  combined  im¬ 
pedances.  However,  in  this  case  the 
absolute  value  only  of  OZ  is  shown,  and 
its  angular  position  is  meaningless. 

Figure  8  shows  a  combination  of 
two  impedances  of  opposite  sign  in 
which  the  combined  impedance  OZ  is 
greater  than  either  of  its  components. 
In  this  case  for  greater  convenience 
OZ,  has  been  transfeVred  to  the  line  of 
0(Z,  -f  Z,). 


Fig.  8  ~  Combination  of  two  impedances  of 
opposite  sign  in  which  the  combined  im¬ 
pedance,  OZ,  is  greater  than  either  of  its 
components 


The  construction  for  two  impedances 
of  the  same  phase  angle,  A/i  and  BC 
is  presented  in  Fig.  9.  These  imped¬ 
ances  are  added  linearly  to  equal  Ar. 
By  a  construction  similar  to  Fig.  7 
their  combined  impedance  is  found 
equal  to  AZ.  If  the  lines  AC  and  AE 
are  drawn  at  60  deg.  with  each  other 
and  another  line,  AF,  equal  to  BC  i-s 
drawn  at  60  deg.  to  AE,  a  line  from 
F  to  B  will  intersect  AE  at  Z  and  also 


MODERN  BAKD-CHANGERS 

Faster — More  Convenient  —  More  Efficient 


SPECIAL  ceramic  parts  like  these  can  now  be 
delivered  by  Isolantite  Inc.  with  unusual  prompt¬ 
ness  for  these  unusual  times.  Production  of  many 
shapes — formerly  requiring  special  machining  oper¬ 
ations  or  partial  molding  on  hydraulic  equipment 
—has  been  greatly  speeded  by  automatic  molding. 
Isolantite  Inc.  now  has  additional  capacity  available 
for  the  production  of  very  small  automatic  pressed 
parts.  Delivery  cycle  has  also  been  materially  re¬ 
duced  on  the  larger  automatic  pressed  parts  where 
tools  are  available. 

The  more  efficient  service  that  installation  of 
automatic  presses  makes  possible  is  but  one  of  many 
advantages  offered  users  of  Isolantite'^-  insulation. 
Isolantite^s  manufacturing  processes,  for  example, 
permit  extremely  close  dimensional  tolerances  com¬ 
pared  with  general  ceramic  requirements.  This  facil¬ 
itates  equipment  assembly,  since  critical  dimensions 
can  be  held  within  close  limits. 

Contributing  to  dependable  equipment  perform¬ 
ance  is  a  unique  combination  of  advantages  which 
Isolantite  incorporates  in  a  single  ceramic  body- 
uniformity  of  product,  high  mechanical  strength, 
electrical  efficiency  and  non-absorption  of  moisture 
—each  an  outstanding  feature  in  itself. 

Isolantite  Inc.  invites  inquiries  from  manufac¬ 
turers  concerning  production  of  small  pressed  parts 
for  war  applications. 


CERAMIC  INSULATORS 


*RegtiteTed  tradr-namr  for  the  prt  duett  of  Isolantite  Inc. 
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Fig.  10 — Same  diagram  as  Fig.  9.  but  par 
jally  redrawn  to  provide  linear  scale  on 
each  arm 


j  (leterniine  the  combined  impedance  A/. 

I  The  proof  of  this  statement  is  as  fol- 
I  lows:  FE  —  AE  (both  are  sides  of  an 
I  equilateral  trianprle),  then  FE  ll(\ 
FE  is  also  parallel  to  flC.  Therefore 
!  FB  is  parallel  to  EC  and  must  intersect 
'  AE  at  Z.  So  it  is  seen  that  the  coni- 
i  bined  impedance  AZ  can  be  determineil 
1  by  the  lines  AB,  AE,  AF,  and  FB  only. 
I  FiRure  10  shows  Fif;.  0  partially  re- 
1  drawn  with  a  linear  scale  on  each  arm. 
I  This  forms  a  chart  sometimes  used  for 
j  parallel  resi.«tances.  To  use  this  chart 
place  a  straip:ht  edjre  across  the  lines, 
intersecting:  AC  and  AF  at  the  values 
for  two  resistances  and  their  combined 
value  can  be  read  on  AE.  More  than 
two  resistors  can  be  combined  by  com¬ 
bining:  the  sum  of  the  first  two  with 
the  third  and  so  on.  This  chart  can 
also  be  used  for  parallel  impedances  if 
they  have  the  same  phase  angle.  It  is 
also  used  for  series  conden.sers,  using 
the  scale  to  indicate  capacity  instead 
of  impedance.  This  is  possible  becau.se 
the  formula  for  effective  capacity, 


M  ^Jnaudagraph  Speakers,  | 

391 1  S.  Michigan  Ave,,  Chicago 

*A(€u£€  /Vf  u//  /Jie 


Fig.  1 1  —Diagram  showing  method  of  con¬ 
verting  series  circuit  in  its  equivalent 
parallel  circuit  or  vice  versa 
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Rheostats -Resistors 
k  Top  Switches  a 


Analyzer  Saves  TIME  for  Republic  Aircraft 

The  electrical  analyzer,  devised  in  the  testing  laboratories  of  the 
Republic  Aviation  Corp.,  was  designed  primarily  to  speed  up  aircraft 
testing  and  locate  trouble  without  disconnecting  any  wiring.  It  also 
enables  making  adjustments  on  all  electrical  equipment  prior  to  final 
assembly,  for  it  is  able  to  duplicate  any  missing  circuits  or  loads.  It 
also  enables  a  direct  analysis  of  any  error  in  wiring  assembly,  indi¬ 
cating  the  exact  location  of  circuits  in  error.  Wide  variation  of  power 
output  makes  it  adaptable  to  any  type  of  service  or  testing. 

The  use  of  Ohmite  resistance  units  in  this  aircraft  electrical  analyzer 
is  another  indication  of  how  Ohmite  products  help  speed  war  pro¬ 
duction-how  they  help  test  planes  as  well  as  fly  them. 


Write  on  company  letterhead  for 
helpful  96-page  Industrial  Catalog 
and  Engineering  Manual  No.  40. 


OHMITE  MANUFACTURING  COMPANY 

4818  Flournoy  Street  •  •  Chicago,  U.  S.  A* 
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C  =  CiCf/ {Ct  +  C2),  is  similar  to  thi 
formula  for  parallel  impedance. 

A  convenient  means  of  converting  i. 
series  circuit  into  an  equivalent  paralle! 
circuit  or  vice  versa  is  shown  in  Fig.  11 
The  familiar  vector  diagram  for  n 
series  circuit,  li,,  X,  and  Z,  is  hen 
combined  with  the  diagram  for  a  paral 
lei  circuit  R,,  and  Z^  previou.sl\ 
shown  in  Fig.  5.  Since  the  combined 
impedances  Z,  and  Z,  for  the  respcc 
tive  figures  are  equal  in  phase  ami 
magnitude,  R,  and  .Y,  for  the  series  cir¬ 
cuit  is  equivalent  to  R^  and  X,  of  thi 
parallel  circuit. 

In  all  of  these  figures,  all  lines  desig¬ 
nation  vectors  in  correct  phase  relation 
are  indicated  by  arrows. 


1.  insulate  wiring  systems 

2.  Prevent  accidental  terminal  shorts 

3.  Act  as  protective  conduit 

4.  Guard  external  cables 

Over  25,000,000  feet  of  this  Fibronized  tubing  now  protect 
the  wiring  of  electrical  apparatus.  This  fact  proves  that 
IRV-O-LITE  meets  manufacturers’  requirements.  Here’s 
why  they  buy  it. 


I^iiitroii  Kerlifier  in  Iinliistry 

.\n  article  under  the  above  title  by 
J.  H.  Cox  and  G.  F'.  Jones  appears  in 
the  October,  1942  i.ssus  of  Electriml 
Engineering. 

Although  the  first  application  of  ig- 
nitrons  was  in  transportation  service 
in  mines  and  railroads,  the  applications 
of  the.se  important  electronic  devices 
have  been  accepted  by  other  industries, 
notably  that  of  electrochemistry.  .4t 
the  present  time  more  tha»i  2,000,0.10 
kilowatts  of  ignitron  rectifier  units 
have  been  purcha.sed  by  that  industry 
alone. 

The  article  discusses  primarily  the 
installation  and  operation  of  the  ig¬ 
nitron  rectifiers  for  large  power  con¬ 
centration  and  indicates  the  manner  in 
which  individual  ignitron  rectifier 
units  may  be  combined  to  increase  the 
power  output. 


Short  lengths  of  IRV-O-LITE 
XTE-30  are  applied  as  terminal 
rnsulation  on  condensers  that  are 
made  by  the  Wells  Manufacturing 
(^rporation. 


The  DeWalt  Products  Corpora¬ 
tion  utilizes  IRV-O-LITE  XTE-30 
to  provide  ample  insulation  and 
protection  for  the  cabes  of  their 
electric  saw. 


FOR  WIRE  INSULATION;  Because  IRV-O-LITE  has  high  dielectric 
strength,  it  provides  good  insulation  protection  and  takes  but  a  mini¬ 
mum  amount  of  space.  This  thin-walled  tubing,  therefore,  is  especially 
adapted  for  use  on  intricate  wiring  placed  in  confined  areas.  For  easy 
identification  of  circuits.  IRV-O-LITE  is  furnished  in  six  standard 
colors:  black,  green,  white,  yellow,  red  and  blue. 

FOR  TERMINAL  INSULATION;  Short  lengths  of  IRV-O-LITE  act  as 
insulating  sleeves  to  prevent  short  circuits  between  adiacent  terminals 
and  metal  parts.  Ample  protection  at  these  places  is  provided  by  the 
high  dielectric  strength  of  the  tubing.  Identifying  symbols  may  be 
marked  on  these  short  lengths,  creating  a  combination  wire  marker 
and  lug  insulator. 

FOR  CONDUIT  AND  EXTERNAL  CABLE  INSULATION;  Many  manufac¬ 
turers  use  IRV-O-LITE  as  both  conduit  and  external  cable  covering 
because  of  its  excellent  physical  characteristics.  The  tubing  is  tough, 
offers  high  resistance  to  tearing  and  abrasion,  and  provides  additional 
insulation  for  the  wires  covered.  It  resists  heat,  concentrated  acids  Md 
alkalies,  denatured  alcohol,  and  petroleum  solvents,  including  gasoline. 

TECHNICAL  INFORMATION  ON  IRV-O-LITE 

This  tubing  is  extruded  in  two  types,  XTE-30  and  J^_E-100.  L^der 
ordinary  conditions,  XTE-30  is  recommended.  XTE-100  is  better  fitted 
for  installations  where  higher  dielectric  and  tensile  strengths  are 
required  and  higher  temperatures  are  encountered. 

XTE-100 
1000  VPM 
1000  VPM 
3700 
200% 

450  hrs. 


CANADIAN  AKMY  KADID 


Dry  Dielectric  Strength  . . . 

Wet  Dielectric  Strength  . 

Tensile  Strength,  lb.  per  sq.  in. 

Elongation  . . . . . - . . . 

Life  at  105  Deg.  C . . 

For  additional  information  on  the  properties  of  IRV-O-IITE,  sizes 
availablo,  prices  and  for  $amplo*  to  be  used  in  tasting,  write 
Dept.  106,  giving  details  about  application.  A 


250% 
400  hrs. 


The  vast  system  of  defense  set  up  on  Can¬ 
ada's  eastern  seaboard  depends  upon  the 
network  of  communica'.ions  built  and  main¬ 
tained  by  the  "Linemen  in  Khaki".  Men 
of  the  Royal  Canadian  Corps  of  Signals 
work  behind  the  scenes  of  the  barriers 
Canada  has  erected  against  any  enemy 
who  might  approach  from  the  East.  This 
photo  shows  a  radio  receiving  and  trans¬ 
mitting  room.  Shore  batteries,  naval  sta¬ 
tions  and  airdromes  are  linked  together  by 
an  intricate  set  of  electrical  "nerves" 


IRVINGTON 


VARNISH  &  INSULATOR  CO. 

IRVINGTON,  N.  J.,  U.S.A.  •  PlonH  at  IRVINGTON,  N.  J.  t  HAMILTON,  0NT.,CAN. 
Koprmsontativos  In  20  Principal  CMos 
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90505  Secondary  Frequency  Standard 


A  Precision  Frecjuency  Standard  for  both  labora¬ 
tory  and  production  uses.  Designed  arouiul  the 
bK  (i-l8  and  GI8-A  crystal,  having  a  frequency 
temperature  coefficient  of  less  than  1  cycle  Ale  'C°. 
The  crystal  is  sealed  in  Helium  in  a  standard  metal 
tube  envelope.  Adjustable  output  provided  at  in¬ 
tervals.  of  10.  2.V.  100.  and  1000  KC  with  magni- 
tmie  useful  to  50  M(].  Harmonic  amplifier  'nitli 
tuned  plate  circuit  and  panel  range  switch.  800 
cycle  modulator,  with  panel  control  swtich.  Panel 
plate  supply  control  switch.  In  addition  to  Oscilla¬ 
tors.  Alulti-vihrators.  Aloilulators.  and  Amplifiers,  a 


built-in  Detector  with  -phone  jack  and  gain  con¬ 
trol  on  the  panel  is  incorporated.  Easily  adjusted 
to  W^’V.  Self-containetl  AC  power  supply  with 
A  K  1.t0-.T0  voltage  regulator.  I'sed  in  quantity  by 
Signal  ('orps.  Navy,  FIX],  British  and  all  large  gov¬ 
ernment  prime  contractors  such  as  GE,  RCA,  Vi’est- 
ern  Electric,  Sperry,  Vi’estinghouse.  etc.  Cabinet 
size  9"  X  9%"  X  10^4",  weight  20  lbs.  Compact, 
dependable,  stable,  trouble-free.  Price  complete 
with  GE  crystal  and  tubes  $135  net,  f.o.h.,  Alahlen 
for  115  60  eycle  model.  Available  for  the  dura¬ 

tion,  of  course,  only  on  proper  priority. 
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The  Mass  Spectrometer 

Providing  a  convenient  source  of  ref¬ 
erence  material,  between  two  covers 
the  September,  1942,  issue  of  the 
Journal  of  Applied  Physics  is  devoteil 
to  mass  spectrometry.  The  mass  spec¬ 
trometer  is  “essentially  a  high  vacuum 
tube  in  which  the  gas  studied  is  ad¬ 
mitted  to  a  pressure  of  the  order  of 
10'*  mm  of  mercury.  The  molecules  of 
the  gas  are  ionized  by  electrons  of 
controlled  energy  from  a  thermionic 
filament  and  accelerating  grid.  Ions  of 
many  different  types  are  formed  even 
in  a  pure  gas  corresponding  to  various 
modes  of  breaking  down  of  molecule 
accompanied  by  ionization.  The  ions 
so  formed  are  then  drawn  out  of  the 
ionizing  chamber  by  an  applied  elec¬ 
tric  field  and  are  caused  to  move  to  a 
combination  of  electric  and  magnetic 
fields  designed  so  as  to  sort  out  the 
ions  according  to  their  m/e  or  mass  to 
charge  ratio.” 

Although  still  largely  a  laboratory 
device  and  not  yet  commonly  applied 
in  industrial  analyses,  the  mass  spec¬ 
trometer  may  well  become  an  important 
tool  for  industrial  research  as  well  as 
routine  testing.  One  application  of 
mass  spectrometry  recorded  in  this 
issue  of  the  Journal  is  in  the  field  of 
gas  analysis,  an  application  which  ap¬ 
pears  to  have  important  significance 
at  the  present  time.  It  is  hoped  that 
additional  information  on  this  subject 
may  be  recorded  in  an  early  issue  of 
Electronics. 

The  articles  in  this  special  issue  on 
Mass  Spectrometry  are  as  follows: 

Mass  Spectrometer  As  An  Industrial 
Tool  (editorial). 

Short  History  of  Isotopes  and  the 
Measurement  of  Their  .Abundance,  by 
E.  Jordan  and  Louis  E.  Young. 

Measurements  of  Relative  Abun¬ 
dance  with  the  Mass  Spectrometer,  by 
E.  Jordan  and  M.  A.  Coggeshell. 

Gas  Analysis  with  the  Mass  Spec¬ 
trometer,  by  John  A.  Hippie. 

Some  Applications  of  Mass  Spectro- 
metric  Analysis  to  Chemistry,  by  I). 
Rittenberg. 

The  remaining  articles  in  this  issue, 
representing  contributed  articles  on  or¬ 
iginal  research,  deal  with  a  diffraction 
adapter  for  the  electron  microscope, 
axial  aberration  of  electron  lenses  and 
reflections  of  electromagnetic  waves 
from  a  parabolic  ionized  layer. 


IN  THIS  cutaway  view  you  have  the  ment.  The  treated  bakelite  strip  on 
inside  story  of  Utah  wirewound  which  the  resistance  wire  is  wound  is 
controls — the  reasons  behind  their  tightly  clamped  and  enclosed  in  an 
ruggedness  and  dependability.  You  all-steel  housing.  The  movable  arm 
can  see  how  high-quality,  resistant  and  the  resistance  element  are  elec- 

wire  is  evenly  wound  on  a  substantial  trically  insulated  from  the  housing, 
core.  The  resistant  element  can  never  mounting  bushing,  and  shaft.  The 
loosen,  being  clamped  in  place  over  diameter  of  the  housing  is  ITfe'' — 
its  entire  length.  smaller  than  bakelite  controls  of 

Utah  Carter  Rheostats  are  available  equal  wattage, 
in  six  stock  sizes,  from  3  to  2  5  watts.  W rite  for  complete  data  on  this  and 

Type  4  P,  for  instance,  dissipates  4  other  Utah  Carter  Rheostats,  Poten- 
watts  over  the  entire  resistance  ele-  tiometers.  Resistors,  Attenuators. 


UTAH  VITREOUS  ENAMEL  RESISTORS  — From  5  to  200  watts,  they  are 
available  either  as  fixed,  tapped  or  adjustable.  Also  non-inductive  types. 


UTAH  JACK  SWITCHES — Long  and  Short  Frame  and  "Imp”  Type  Switches 
to  meet  the  circuit  and  space  requirements  you  need. 


UTAH  PHONE  PLUGS — Two  or  three  conductor  types — for  practically  every 
type  of  application. 


UTAH  TRANSFORM ERS  are  fully  guaranteed.  Able  to  meet  the  requirements 
in  choke,  input,  output  and  smaller  capacity  power  transformers. 


Atiiiosplierii*  Propagation 
of  Sound 

New  publications  devoted  to  the  ad¬ 
vancement  of  science  tend  to  be  de¬ 
creasing  in  numbers  rather  than  in¬ 
creasing  during  the  present  crisis.  Al¬ 
ready  a  number  of  journals  have  been 
forced  to  change  their  editorial  content 
or  to  modify  the  frequency  of  their  ap¬ 
pearance.  Therefore,  it  conies  as  a 
rather  refreshing  note  to  record  the  ap¬ 
pearance  of  a  new  quarterly  review  de- 


UTAH  JACKS — Short  and  Long  Jacks  and  "Imp”  Jacks  to  meet  your  require¬ 
ments.  Special  Utah  Jacks  to  meet  Navy  and  Signal  Corps  specifications. 
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date  with  Destiny 

jese  two  modern  weapons  of  battle 
.the  electronic  tube  and  the  bomb- 
y  plane  . . .  have  an  important  date 
th  post-war  industry.  In  the  days 
come  Eimac  tubes,  like  the  air- 
ne,  will  help  achieve  the  better 
y  of  life  for  the  common  man. 


"First  in  Peace,  First  in 
War, "  First  in  the  im¬ 
portant  new  develop¬ 
ments  in  the  field  of 
electronics. 

OFFICIAL  PHOTO  U.  S.  NAVY 


signed  to  record  the  progress  of  the 
sciences  in  the  service  of  mankind,  un¬ 
der  the  name  Endeavour,  published  by 
Nobel  House,  Buckingham  Gate,  Lon¬ 
don,  S.  W. 

The  first  issue  of  this  publication  to 
come  to  our  attention  is  marked  Volume 
1,  No.  3  and  dated  July,  1942.  It  con¬ 
tains  approximately  40  pages,  one  of 
which  is  in  full  color.  Page  size  is  8x11 
inches  and  no  advertising  is  carried. 

Articles  in  the  July  issue  include  the 
following:  The  Scientist’s  Responsi¬ 
bility,  The  Red  and  Blue  Coloring 
Matters  of  Plants,  by  Robert  Robin¬ 
son,  The  Substance  of  Heredity,  by  E. 
I).  Darlington,  Some  18th  Century 
Chemical  Societies,  by  James  Kendall, 
Plastics  and  Their  Application,  by  Ed¬ 
ward  .Appleton,  Disease  Resistant 
Plants  by  F.  T.  Brooks,  The  Propaga¬ 
tion  of  Sound  in  the  Atmosphere,  by  E. 
G.  Richardson,  and  finally,  Progress 
in  Bacterial  Chemotherapy,  by  L.  E. 
Garrod. 

The  article  by  Dr.  Richardson,  “The 
Propagation  of  Sound  in  the  Atmos¬ 
phere,”  will  probably  be  of  most  inter¬ 
est  to  readers  of  Electronics.  This 
4-page  article,  containing  eight  refer¬ 
ences,  gives  a  survey  of  past  researches. 
It  is  shown  that  the  transmission  of 
sound  in  the  air  shows  many  peculiari¬ 
ties,  frequently  of  a  very  surprising 
kind.  Explosions  and  gunfire  are  often 
inaudible  in  regions  comparatively  close 
at  hand,  while  distinctly  audible  at 
greater  distances.  Echoes  of  a  fog  horn 
may  sometimes  be  heard  for  as  long  as 
15  seconds  after  the  original  sound  has 
been  cut  off.  The  article  by  Dr.  Rich¬ 
ardson  provides  an  interesting  account 
of  recent  investigations  carried  out  on 
this  subject  by  various  workers  in 
acoustics. 


outstanding  in  the 
Electronics  Field! 


FUNDAMENTALS  OF  ELECTRIC  WAVES 

l«y  Uuitli  Hllilrrth  SktlliiiK.  Proleanor  of  Elretrieal  Bnuineering,  Stanford  UniPfraitg.  ISG  pagea, 
€  f  ift  0*7  Si.li. 

Professor  Skilling’s  book  discusses  the  principles  of  wave  action,  with  particu¬ 
lar  emphasis  on  the  basic  ideas  of  Maxwell’s  equations  and  repeated  use  in 
simple  examples.  Stress  is  placed  on  physical  concepts,  with  full  attention  to 
mathematical  rigor,  and  with  concrete  application  to  engineering  practice. 

COMMUNICATION  CIRCUITS 

Hy  Lawrence  A.  Ware.  A»HoeiQte  Profis^or  uf  Klecirical  Enoineering,  and  Henry  R.  Reed,  Pro- 
frggur  of  Kiectrical  knuint^ino i  Mh  at  tke  Stale  Univereity  of  Iowa,  (in  presi). 

The  theory  of  communication  circuits  is  pre.sented  in  this  thoroughly  com¬ 
prehensive  volume.  The  basic  principles  of  communication  transmission  lines 
and  their  associated  networks  are  presented,  covering  the  frequency  range 
from  voice  frequencies  through  the  ultra-high  frequencies. 

HIGH-FREQUENCY  ALTERNATING  CURRENTS 

By  Knux  Mclhvain.  AsHOciate  ProfeBSor,  and  J.  G.  Bralnerd.  Professor;  both  of  the  Moore 

school  of  Ultetiical  Etioineering,  University  of  Pennsylraniu,  Second  Editiong  5S0  pages,  XSti 
iliustratioHs,  ft  s  9,  $6. Off, 

Presupposing  a  knowledge  of  calculus  and  differential  equations,  this  book 
gives  a  thorough  and  detailed  mathematical  analysis  of  the  fundamental  princi¬ 
ples  of  electric  communication,  underlying  telephony,  sound  reproduction, 
radio,  facsimile,  and  television. 

PRINCIPLES  OF  RADIO 

Ity  Kritli  Ilenney.  Editor,  " Eltetronira” .  Fourth  Edition,  oiS  gagia,  S16  illuatraliona,  6x9,  $S.S0. 

An  elementary  book  which  combines  both  the  theory  and  practice  of  radio. 
Treats  technical  matters  so  simply  and  is  so  complete  that  it  contains  all  the 
information  which  the  technician,  experimenter,  or  operator  needs.  The  recom¬ 
mended  textbook  of  the  pre-service  radio  technician  course  sponsored  by  the 
U.  S.  Signal  Corps. 

RADIO-FREQUENCY  MEASUREMENTS  BY 
BRIDGE  AND  RESONANCE  METHODS 

I  By  L.  Harttborn.  Sh'J  pagea,  99  Uluatrationa,  6x9,  S-i.iO. 

The  subject  is  treated  from  the  most  elementary  aspects  up  to  the  more  com¬ 
plex.  This  is  the  first  systematic  treatment  of  radio-frequency  bridge  methods 
and  stationary  wave  methods. 

ELECTRICAL  ENGINEERS'  HANDBOOK- 
COMMUNICATION  AND  ELECTRONICS 

By  Harold  Pender,  Editor-in-Chief^  and  Knox  McIIwain,  Aaaoeiate  Bditor-in-Vkief,  and  47  eon- 
trihntora.  Third  Edition,  tOtt  pagea,  9S1  illnatrationa,  5%  bp  8%,  $5.00. 

This  volume  covers  the  whole  field  of  communication  as  a  unit;  it  includes 
telegraphy,  telephony,  radio  broadcasting,  point-to-point  radio  telephony, 
facsimile  transmission  and  reception,  public  address  systems,  sound  motion 
pictures,  aviation  radio,  and  television.  Every  phase  of  electric  communication 
and  electronics  receives  extensive  handbook  treatment  by  a  staff  of  specialists. 

ELECTRICAL  COMMUNICATION 

By  .Arthur  A.  Albert.  Piofeaaor  of  f'omomnication  Engineering,  Oregon  State  Colltgr,  Second  Edi¬ 
tion,  53 i  pagea,  398  Uluatrationa,  6x9,  $5.UU. 

A  well-prepared  and  exceptionally  informative  book  on  communication  and 
general  electrical  subjects  which  involve  electron  tubes,  circuit  theory,  and 
transmission  theory.  Contains  excellent  bibliographies  as  well  as  suggested 
problems. 

MATHEMATICS  OF  MODERN  ENGINEERING 

Volume  I — By  Robert  E.  Doberty.  Preaident,  Carnegie  Jnatitute  of  Technologg,  and  Ernest  O. 
Keller.  Conaulting  Engineer,  Lockheed  Aircraft  Corporation.  3H  pagta,  83  Uluatrationa,  6x0. 
$3. oil.  Volume  It — By  Ernest  G.  Keller.  309  pagea,  iltuatrated,  6x9,  $i.0U. 

In  these  two  volumes  and  a  third,  now  in  preparation,  those  aspects  of  mathe¬ 
matics  are  presented  which  have  been  found  to  be  most  valuable  to  engineers. 
Numerous  problems  of  varying  degrees  of  ditficulty  are  given,  with  these 
can  be  tested  a  knowledge  of  the  mathematics  involved. 


NEW  TELEWONDER 


John  Logie  Baird  has  a  new  invention 
called  colored  stereoscopic  television, 
which  he  claims  will  revolutionize  enter- 
lafnment  after  the  war.  Instead  of  seeing 
a  flat  picture,  as  you  do  in  the  movies, 
the  new  television  reproduces  an  image  in 
color  with  the  depth  and  appearance  of 
solidarity  and  reality.  The  apparatus  is 
also  being  developed  to  enable  it  to  be 
used  as  the  television  telephone 
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...greater  dependability...  easier  mounting ...  less  weight 


ability  on  the  high  resistance  values  by  using  larger  wire 
(2*^  times  the  cross-sectional  area  of  that  used  by  other 
manufacturers  for  these  same  values). 

Koolohms  are  made  with  wire  that  is  insulated  before 
it  is  wound.  This  insulation  is  a  special  ceramic  material 
having  a  dielectric  strength  of  350  volts  per  mil.  at 
400°  C.  It  is  heat-proof  to  1000°  C;  fully  moisture-proof, 
and  so  flexible  it  can  be  wound  on  small  forms,  either  in 
short-proof  layer-windings,  or  in  high-density  pro¬ 
gressively-wound  interleaved  patterns. 

Write  today  for  the  complete  Sprague  Koolohm  Cata¬ 
log  and  sample  resistors. 


Yes,  Mr.  Engineer,  this  is  an  odd,  non-standard 
technical  term — but  it  is  one  easily  understandable,  and 
certainly  one  that  best  explains  the  tremendous  advan¬ 
tages  obtained  with  Koolohm  Resistor  construction. 

. . .  For  Koolohms  provide  the  highest  wattage  ratings 
and  resistance  values  in  a  given  volume,  with  safe  resist¬ 
ance  wire  sizes. 

. . .  Moreover,  Koolohms  deliver  their  full  wattage 
ratings  regardless  of  resistance  values. 

. . .  Koolohms  can  be  mounted  easier  and  quicker  and 
in  less  space — directly  to  the  chassis  or  to  grounded  parts. 

. . .  Koolohms  give  a  big,  extra  measure  of  depend¬ 


CONVENTIONAL 


If  an  octuol  comporison  between  o  Sprogiie  Koolohm  resiflor  ond 
o  convonlionol  wirewound! 

Conventionol  Speclftcotionf  Koolohm 

2.5  mil.  minimum . Limiting  Wire  Size . 2.5  mil.  minimum 

10  watts,  7500  ohms . Rating . 10  watts.  7500  ohms 

4*/^" . Length . 

ll/lf** . Diometer  ,  ,  ,  .  . . 

40  grams . Weight . 14  grams 

Must  not  come  in  Mounting  Con  be  mounted  hat 

contact  with  chassis  (see  above  on  chassis  or  to 

or  graunded  ports  illustrationi  grounded  ports 


SPRAGUE  SPECIALTIES  COM 

(Resistor  Division)  North  Adams,  Mass. 
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Telephone  Set  for  Hard 
of  Hearing 

The  October,  1942,  issue  of  The  Hell 
Laboratories  Record  describes  “A  New 
Telephone  Set  for  the  Hard  of  Hear¬ 
ing:”  in  an  article  of  this  title  by  Al¬ 
fred  Herckmans,  The  telephone  set  is 
similar  in  appearance  to  that  usually 
encountered  in  homes  and  offices,  but 
differs  in  that  it  is  provided  with  a 
three-position  switch  for  determining 
the  volume  output,  and  in  the  fact  that 
an  additional  amplifier  is  incorporated 
in  the  base  of  the  antenna.  This  ampli¬ 
fier  consists  of  a  grranular-carbon 
mici'ophone  whose  diaphragm  is  actu¬ 
ated  by  a  bipolar  receiver  element  us¬ 
ing  permanent  magnets.  When  the 
amplifier  is  in  use,  its  receiver  element 
is  connected  in  place  of  the  regular 
hand-set  receiver,  while  the  transmit¬ 
ter  element  is  connected  to  the  hand-set 
receiver  in  series  with  a  4 i -volt  battery 
which  may  be  placed  in  any  convenient’ 
location  and  is  connected  to  the  set  by 
two  wires.  With  this  arrangement,  the 
hand-set  receiver  is  operated  by  the 
amplified  speech  from  the  transmitter 
element  of  the  amplifier. 

The  employment  of  the  receiver- 
transmitter  mechanical  amplifier  pro¬ 
vides  an  additional  gain  of  25  db  and  it 
is  estimated  that  persons  with  hear¬ 
ing  deficiencies  as  much  as  60  db  loss 
will  receive  adequate  volume  to  conduct 
satisfactory  telephone  conversation.  It 
is  estimated  that  this  type  of  instru¬ 
ment  will  be  suitable  for  90  percent  of 
those  conscious  of  hearing  impairment. 

The  gain  provided  by  the  amplified 
element  is  sufficient  to  cause  singing 
under  certain  conditions  although  this 
tendency  is  completely  eliminated  with 
the  ordinary  telephone  hand-set  in  nor¬ 
mal  use. 


r‘  WAS  during  the  Coral  Sea  Battle  .  .  .  the  ship’s 
loudspeakers  were  tuned  to  the  airplane  circuits 
and  the  conversation  and  commands  of  the  pilots 
could  be  heard.  Suddenly  came  a  strong  call  from 
Lieutenant-Commander  Bob  Dixon,  flying  a  scout 
bomber:  "Scratch  one  flat  top!’’  Through  the  loud¬ 
speakers  Dixon’s  message  re-echoed  over  the  entire 
ship  and  cheers  rang  out  from  stem  to  stern.  Report 
from  Chicago  Tribune.  Remler  Company, 

Ltd.,  one  of  the  firms  entrusted  with  important 
work  for  the  United  States  Navy,  helps  to  make 
tlie  sound  systems  which  enable  our  fighting  forces 
to  cooidinate  their  operations  through  the  main¬ 
tenance  of  communications. 


Amplification  Factor  with 
Square  Mesh  Grids 

From  time  to  time  considerable  effort 
has  been  spent  on  the  mathematical  or 
experimental  evaluation  of  equations 
for  expressing  the  amplification  factor 
of  multi-element  tubes.  A  number  of 
theoretical  and  empirical  equations  are 
already  available  expressing  the  ampli¬ 
fication  factor  for  tubes  having  grid 
structures  of  parallel  wires  for  either 
plane  or  cylindrical  structures.  The  an¬ 
alytical  solutions  available  are  mathe¬ 
matically  complicated  even  though  they 
apply  to  the  simplest  physical  cases. 
In  the  October,  1942,  issue  of  the  irirc- 
Ies8  Engineer,  T.  C.  Eaglesfield  offers 
an  article,  “Triodes  with  Square  Mesh 
Grids — Calculating  the  Amplification 
Factor.”  This  article  deals  with  the  ex¬ 
perimental  determination  of  the  ampli¬ 
fication  factor  for  grid  structures  con¬ 
sisting  of  grid  wires  with  square  mesh 
openings.  Because  the  theoretical  ap¬ 
proach  is  so  complicated,  experimental 
verifications  were  obtained  by  setting 
up  a  model  of  the  triode  and  measuring 
the  electrostatic  screening  effect  pro¬ 
duced  by  the  mesh  grid.  The  results  of 
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"Engineer  a  loud  speaker  for  battleships !" 
"Engineer  a  loud  speaker  to  go  in  training  tanks!" 
"Engineer  a  loud  speaker  for  submarines !" 
"Engineer  a  loud  speaker  for  command  cars!" 
"Engineer  a  loud  speaker  for  landing  barges!" 

Those  are  Just  a  few  of  the  instructions  Jensen  has 
received  since  America  decided  to  make  war  its  business. 
Unsurpassed  design  and  production  facilities  have  made 
Jensen  "Loud  speaker  maker  for  the  armed  forces." 

In  addition  to  the  great  honor,  it  is  invaluable  experience.  I 


en6en 


MANUFACTURING  COMPANY 

6601  South  Laramie,  Chicago 
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VACUUM  TUBE  VOLTMETER 


Top  ranking  engineers  give  this  handy  portable  instrument 
high  priority  for  its  ease  of  operation,  extreme  sensitivity 
over  wide  frequency  range  and  its  ability  to  make  accurate  measurements 
below  1  megacycle.  Best  of  all,  the  -hp-  Model  400  Vacuum  Tube  Volt¬ 
meter  gives  voltage  indication  that  is  proportional  to  the  average  value 
of  the  full  wave.  This  is  a  feature  not  found  in  the  average  voltmeter  on 
the  market  today.  Get  information  now  on  this  and  other  superior  -hp- 
instruments.  Give  details  of  your  problem  so  our  engineers  can  be  of 
greatest  help.  No  obligation,  of  course. 
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Mrs.  Dorothy  Hall,  amateur  short-wave 
operator  who.  in  1938  established  com¬ 
munication  with  the  isolated  inhabitants  oi 
Pitcairn  Island  in  the  South  Pacific,  will 
teach  Morse  code  operation  at  Washing¬ 
ton  Square  College.  New  York  University. 
A  class  oi  100  pupils,  all  potential  Signal 
Corps  members  started  on  September  22. 
The  course  is  open  to  all  men  and  women 
1  who  have  high  school  diplomas,  including 
two  years  oi  mathematics.  She  is  shown 
at  the  receiving  set  in  her  home 
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BOX  135M  STATION  A  •  PALO  ALTO.  CALIFORNIA 


this  experimental  determination  are 
jciven  by  the  expression 

_ 4Mx _ 

^  p  logio  coth  5  24  d/p 
where  x  is  the  distance  from  grid  to 
anode,  p  is  the  mean  distance  between 
grid  wires  from  center  to  center,  and  d 
is  the  diameter  of  the  grid  wire.  This 
equation  is  derived  on  the  basis  of 
mesh  grids  having  square  openings  so 
that  as  far  as  the  grid  is  concerned  two 
dimensional  symmetry  exists. 


MORSE  CODE  TEACHER 
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ALFRED  CROSSLEY 
549  W.  RANDOLPH  ST. 
CHICAGO.  ILI  INOIS 
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BRUCE  0.  BURLINGAME  ASSOC. 
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Measiirenieiils  <>f  Very  Short 
Wavelengths 


The  increasing  use  and  application  of 
frequencies  corresponding  to  a  wave¬ 
length  of  one  meter  or  less  gives  added 
importance  to  the  article,  “Wavekmgth 
Measurements  of  Decimetric,  Centi- 
metric  and  Millimetric  Waves”,  by 
A.  C.  Clavier  in  Electrical  Communica¬ 
tion,  Vol.  20,  No.  4,  1942.  Even  though 
the  work  reported  by  Mr.  Clavier  does 
not  rec4)rd  the  most  recent  develop¬ 
ments  in  frequency  measurement  it 
does  provide  a  survey  of  the  state  of  the 
art  up  to  the  time  when  war  broke  out. 
Consideration  is  given  to  the  following 
method  of  frequency  determination: 
(1)  Determination  of  frequency  by 
beating  the  unknown  with  a  standard 
frequency,  (2)  use  of  a  tuned  circuit 
of  lumped  constants  as  a  wavcmeter 
in  accordance  with  the  technique  at 
lower  frequencies,  (3)  applications  of 
circuits  with  distributed  constants,  (1) 


r  I 


Constant 
I  Voltage 


15  KVA  for  a  BATTLESHIP 


Transf^fhaers.  They  deliver  constant,  stable \ 
voltage  on  2‘f*kour  shifts  even  though  line 
voltages  vary  as  mu^lot^s  thirty  percent. 

Sola  Constant  Voltage  l^e^formers  are 
fuliv  automatic  and  instantaneou^ito  opera - 
tion  and  self-protecting  against  short  circuit.^ 
There  are  no  moving  parts. 

Compact,  standard  designs  are  available 
in  capacities  ranging  from  15VA  to  10  KVA, 
or  special  units  for  special  applications  can 
be  built  to  your  exact  specifications. 

Ask  for  Bulletin  DCV-74 
SOLA  ELECTRIC  COMPANY 
2525  Clyboum  Ave.,  Chicago,  Illinois 


You  name  the  assignment . . .  Sola  engineers 
will  design  the  transformer  that  will  stabilize 
your  power  supply  at  peak  efficiency  24 
hours  per  day. 

Eiven  under  normal  conditions  supply  line 
voltages  are  rarely  constant.  And  now,  with 
power  lines  taxed  beyond  capacity  by  the 
unprecedented  demands  of  war  production, 
fluctuating  voltages  are  a  constant  threat 
to  the  safety  of  sensitive,  precision  instru¬ 
ments  ...  a  constant  handicap  to  the  effi¬ 
ciency  of  production  lines. 

There  are  no  assignments  too  vital  .  .  . 
none  too  small  for  Sola  Constant  Voltage 


ELECTRONICS 


December  1942 


I 


Ward  can  help  you  with 
your  antenna  problem 


WARD  PRODUCTS 

CORPORATION 

I 

1523  East  ,45th  Street 
C  L  E  V  E  LAND,  OHIO 


use  of  the  coaxial-line  wavemeter,  (5) 
dielectric  guide  for  the  measurement 
of  centrimetric  wavelengths. 

It  is  shown  that  a  very  accurate  and 
convenient  means  of  measuring  fre¬ 
quency  at  the  usual  wavelengths  is 
to  beat  the  unknown  frequency  with  a 
known  frequency  of  high  stability  and 
precision.  This  method  is  difficult  to 
apply  as  the  frequency  increases  in 
the  ultrahigh  frequency  region  because 
it  is  difficult  to  generate  short  wave 
oscillations  of  high  stability  whose  fre¬ 
quency  is  precisely  known.  Quartz 
crystals  are  not  suitable  at  the  high 
frequencies  because  the  thin  crystals 
which  must  be  employed  are  rather 
fragile.  Furthermore,  it  is  difficult  to 


produce  an  amplified  harmonic  to  a 
satisfactorily  high  degree  with  the 
types  of  tubes  which  were  available 
when  this  research  was  origfinally 
undertaken. 

Frequently  the  wavelength  or  fre¬ 
quency  need  not  be  known  with'  a  high 
degree  of  precision  and  in  such  cases 
tuned  resonant  circuits  find  consider¬ 
able  application,  particularly  in  the 
region  of  decimetric  waves.  A  reso¬ 
nant  circuit  of  lumped  constants  may 
be  used  in  this  region  and  the  tech¬ 
nique  is  the  same  as  that  used  in  longer 
wave  measurements  of  frequency. 

An  examination  of  the  selectivity  of 
such  circuits  and  the  different  resist¬ 
ances  present  in  the  oscillating  cir¬ 
cuits  show  that  this  type  of  resonance 
indicator  may  be  considered  satisfac¬ 
tory  only  for  wavelengths  of  at  least 
30  centimeters  or  greater. 

A  single  turn  spiral  or  a  toroidal  in¬ 
ductance  produces  a  satisfactorily  high 
value  of  Q  in  the  desired  frequency 
spectrum,  but  in  practice  it  is  difficult 
to  attain  the  very  low  values  of 
capacitance  necessary  for  tuning  and 
it  is  even  more  difficult  to  vary  this 
capacity.  Furthermore,  a  device  of  this 
sort  is  difficult  to  couple  to  the  power 
source  in  measuring. 

The  necessity  of  finding  an  easy 
method  of  calibration  in  terms  of 
wavelength,  and  the  difficulty  encoun¬ 
tered  with  circuits  of  lumped  constants 


have  led  to  the  use  of  circuits  with 
distributed  constants,  and  particularly 
to  the  use  of  transmission  lines.  A 
two-wire  parallel  line  type  of  trans¬ 
mission  line,  commonly  known  as  a 
Lecher  wire  system,  has  been  used  for 
this  purpose  for  many  years.  If,  as  is 
usually  true  in  practice,  the  separa¬ 
tion  between  the  wires  is  long  com¬ 
pared  with  the  wavelength,  radiation  is 
usually  sufficiently  small  as  to  be 
negligible.  In  this  case  the  impedance 
of  the  line  will  vary  with  distance  from 
the  source  to  which  it  is  coupled,  and 
this  change  of  impedance  along  the 
line  may  be  used  to  determine  reso¬ 
nance  points  and  hence  the  wavelength. 

In  such  application  the  distance  1«‘- 


tween  two  consecutive  resonances  is 
not  exactly  equal  to  half  the  wave¬ 
length  in  air  since  the  velocity  of 
propagation  along  the  line  is  slightly 
less  than  that  in  free  space.  The  error 
due  to  this  cause  is  small  on  well  con¬ 
structed  lines;  usually  much  smaller 
than  the  inherent  error  in  reading  the 
distance  between  consecutive  resonant 
points. 

Lecher  wire  wavemeters  are  in  cur¬ 
rent  use  for  the  measurement  of  deci¬ 
metric  waves.  However,  they  have  the 
following  disadvantages:  (1)  The 
higher  the  frequency  the  more  the  line 
radiates;  (2)  it  is  difficult  to  localize 
the  excitation  at  one  point  along  the 
line;  (3)  it  is  not  easy  to  eliminate 
effects  due  to  surrounding  objects  and 
movement  of  the  operator.  For  these 
reasons  it  is  preferable  to  use  coaxial 
lines  where  this  is  possible. 

A  coaxial  line  wavemeter  is  illustrated 
in  diagrammatic  form  in  Fig.  1.  A 
test  line,  BC,  whose  length  is  adjust¬ 
able  by  means  of  a  micrometer  screw 
M,  is  connected  to  the  antenna.  A'  and 
to  the  thermocouple,  T,  through  the 
quarter  wave  line  AB  and  CP.  The 
line  in  front  of  A  toward  the  antenna 
and  behind  D  tow’ard  the  thermocouple 
presents  impedances  at  A  and  B  which 
are  pure  resistances  when  the  line  is  a 
half  wavelength  long. 

In  models  which  were  constructed 
using  this  principle,  it  is  possible  to 


Fig.  1 — Waremeter  with  coaxial  lines 
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46  YEARS  AS  MANUFACTURERS  OF  TELEPHONE  EQUIPMENT 
22  YEARS  AS  MANUFACTURERS  OF  RADIO  COMPONENTS 

Serving  a  greater  field  than  ever  before  with  the  same  high  quality  workmanship  and 
service  that  our  old  customers  have  been  accustomed  to  for  many  years. 

Now  offering  a  greater  line  of  products  than  ever  before. 


•  VARIABLE  RESISTORS— Carbon  and  Wire- 
wound. 

•  SWITCHES — Separate  and  In  Combination 
with  Variable  Resistors. 

•  PLUGS 


•  JACKS 

•  KEY  SWITCHES 

•  PUSH  SWITCHES 

•  TELEPHONE  RINGERS  AND  GENERATORS 


In  addition  we  are  manufacturing  several  telephone  and  radio  components  and  assem¬ 
blies  for  special  Government  applications. 

We  earnestly  solicit  your  inquiries. 

CHICAGO  TELEPHONE  SUPPLY  CO. 

ELKHART,  INDIANA 

Branch  Office,  401  N.  Broad  St. 

Philadelphia,  Pennsylvania 
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measure  wavelengths  to  an  accuracy 
of  one  part  in  two  thousand.  Just  as 
in  the  case  of  measurements  made  with 
the  Lecher  wire  system,  the  measure¬ 
ment  is  subject  to  an  error  resulting 
from  the  phase  velocity  along  the  lines 
being  somewhat  less  than  the  propa¬ 
gation  velocity  in  free  space.  However, 
this  error  is  small  at  the  frequencies 
for  which  the  type  of  measurement  is 
most  suitable.  It  has  been  found  that 
coaxial  line  wavemeters  may  be  used 
for  measurement  of  wavelengths  down 
to  the  centimeter  wave  band.  For  wa^- 
lengths  of  a  few  centimeters,  the  in¬ 
fluence  of  transverse  dimensions  of  the 
coaxial  line  causes  trouble  and  coup¬ 
ling  problems  arise.  For  frequencies 
higher  than  those  corresponding  to  a 
few  centimeters,  dielectric  guides  are 
therefore  necessary  for  the  determina¬ 
tion  of  wavelength. 

The  simplest  dielectric  guide  con¬ 
sists  merely  of  a  metallic  pipe  without 
an  inside  conductor.  Theory  and  ex¬ 
periment  show  that  electromagnetic 
waves  may  be  propagated  through 
them  provided  that  the  wavelength  in 
air  is  below  the  fixed  limit  which  is  of 
the  order  of  the  diameter  of  the  guide. 
In  making  use  of  wave  guides  for  the 
measurement  of  wavelengths,  it  is 
necessary  to  bear  in  mind  that  several 
different  wave  structures  may  be 
propagated  along  the  lines,  each  one 
of  which  gives  different  values  of  at¬ 
tenuation  and  wavelength. 

To  measure  wavelength  with  dielec¬ 
tric  guides,  it  is  necessary  to  transform 
the  wavelength  measured  along  the 
guide  into  the  corresponding  wave¬ 
length  in  free  space.  Experiments  in¬ 
dicate  that  it  is  possible,  in  the  present 
state  of  the  art,  and  with  transmitter 
frequency  stability  available  at  the 
present  time,  to  rely  on  the  theoretical 
relationahips  established  between  these 
wavelengths. 

Very  brief  mention  is  made  of  the 


RFXORDING  AN  OPERA 


.  .  .  and  we  have  earned  them  the  har<i  way  too,  majoring  in 
eleetrieal  researeh  thruout  our  l-T  years  ...  Thordarson  Engi¬ 
neers  have  always  been  ahead  of  new  developments  .  .  .  that  is 
why  you  will  find,  l>oth  in  military  and  eivilian  use,  engineers 
speeifying  Thordarson  transformers  for  that  vital  job  where 
unfailing  performanee  is  paramount. 

Submit  your  transformer  problems  to  4^ 

Thordarson  Engineers  .  .  .  they  know  how 


ELECTRIC  MFC.  CO. 

SOO  WEST  HURON  STREET  CHICAGO.  ILL. 


The  first  full  recording  of  Rossini's  opera. 
"The  Barber  of  Seville",  ever  done  in  this 
country,  was  accomplished  by  the  RCA 
Victor  Co.  in  New  York's  Lotos  Qub.  The 
machines  at  the  upper  right  are  lued  to 
cut  the  records,  while  the  opera  is  being 
sung  in  the  club's  gallery 
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ALLEN  B.  DU  MONT 
LABORATORIES,  Inc. 

Passaic  •  New  Jersey 

Coble  Address  Wespexltn,  New  York 


Knobs  are  adjusted;  a  green  dot  gyrates  to  weave  a  weird 
pattern;  the  operator  is  fascinated  by  the  graphic  story  unfold¬ 
ing  before  his  eyes.  Truly  crystal  gazing,  in  this  electronic 
age.  And  dealing  with  the  past,  present  and  future  of  a  host 
of  details  encountered  in  research,  production,  servicing — 
scientifically. 

A  decade  ago  the  cathode-ray  oscillograph  was  a  scientific 
curiosity.  A  dozen  or  two  such  costly  instruments  existed  in 
this  country,  mainly  in  lavishly  equipped  laboratories.  But 
Allen  B.  DuMont  pioneered  the  commercial  cathode-ray  tube 
and  oscillograph.  With  advanced  engineering  and  economi¬ 
cal  production  methods,  he  brought  such  equipment  within 
reach  of  everyone.  Today  DuMont  equipment  is  standard 
in  laboratories,  engineering  departments,  plants,  maintenance 
routine — and  in  military  operations,  of  course. 

Regardless  what  your  job  may  be  or  what  industry  or  war 
effort  you  serve,  it  can  be  done  better,  quicker,  cheaper,  if  you 
resort  to  this  electronic  crystal  gazing,  with  DuMont  equipment. 


Two  balche*  oi  diiierent 
steel  alloys  became  mixed. 
They  had  to  be  sorted  quick¬ 
ly.  positively,  economically. 
This  oscillograph  pattern 
served  to  identiiy  one  alloy 
irom  the  other. 


A  manuiactnrer  oi  ignition 
equipment  wanted  to  check 
operating  conditions.  This  is 
what  he  saw  when  a  deiec- 
tive  condenser  was  across 
breaker  points. 


A  musical  instrument  man¬ 
ufacturer  wanted  an  "elec¬ 
tronic  blueprint"  oi  good 
tone.  This  oscillograph  gave 
him  the  wave  iorm  to  be 
matched  for  good-tone  ac¬ 
cordions. 
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possibility  of  using  the  quasioptical 
properties  of  extremely  high  frequency 
oscillations  for  the  determination  of 
wavelengths  through  the  use  of  inter- 
pherometers  and  gratings,  but  the  ar¬ 
ticle  does  not  treat  any  of  the  topics 
in  detail. 

The  article  is  concluded  with  a  bib¬ 
liography  of  twenty  items,  most  of 
which  were  published  between  1987) 
and  1939. 


Extending  Range  of  Meters 

Our  British  contemporary,  Elecfrotiic 
Engineering,  carries  an  article  in  its 
July  issue  which  is  particularly  signifi¬ 
cant  and  useful  in  these  days  of  heavy 
demands  for  electrical  measuring  in¬ 
struments.  The  article  by  B.  Swift  is 
entitled  “Universal  Shunt  for  Multi¬ 
range  Meters — Some  Factors  Affecting 
Their  Design,”  which  deals  quite  com¬ 
prehensively,  in  two  pages  with  such 
matters  as  the  effects  of  instrument  re¬ 
sistance,  temperature  coefficient  of  the 
shunt,  effects  of  series  resistance,  ex¬ 
amples  of  universal  shunt,  low  resis¬ 
tance  shunt  and  limitations  of  shunt 
values. 

It  is  pointed  out  that  in  designing  a 
universal  shunt  for  a  meter,  the  fol¬ 
lowing  data  must  be  obtained:  (1) 
The  resistance  of  the  instrument  to  be 
shunted,  and  whether  this  is  all  copper 
or  part  of  it  of  material  with  a  negli¬ 
gible  temperature  coefficient  such  as 
Manganin.  The  proportion  of  each  type 
of  material  should  be  found  as  this  is 
required  to  determine  the  temperature 
coefficient.  (2)  The  accuracy  required 
for  shunted  instruments.  This  affects 
the  accuracy  of  the  shunt  adjustment, 
and  more  important  still  determines 
whether  the  temperature  error  of  the 
shunted  instrument  is  to  be  less  than  a 
specified  value.  (3)  The  current  for 
full-scale  deflection  of  unshunted  meter. 


U.  S.  TRAINS  CHINESE 
RADIOMEN 


SHALLCROSS  SWITCHES 


Are  constructed  of  the  finest  materials 
available.  Many  designs  may  be  obtained 
having  solid,  fine  silver  contacts,  and  cera* 
mic  or  phenolic  insulation.  Where  essential 
War  Production  dictates  the  use  of  switches 
that  are  rugged  and  dependable,  send 
your  specifications  to  Shallcross,  Dept.  C  3 


A  group  of  twenty  Chinese  have  been 
trained  at  Scott  Field,  Ill.,  so  that  they  con 
instruct  fellow  soldiers  in  China.  These 
cadets  are  shown  operating  a  radio  com¬ 
munications  set  in  a  ground  station  at  the 
U.  S.  Army  Air  Corps  radio  communication 
school  under  the  direction  of  Staff  Sgt. 

Herbert  J.  Tye 
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Wherever  You  Can  Use 
P-K  Self-tapping  Screws  You  Can  Save 
Time-Consuming  Operations! 

It  has  never  been  claimed  that  Parker-Kalon  Self-tapping  Screws  offer 
t&<  best  means  of  making  every  fastening  under  all  conditions  .  .  .  but, 
is  a  fact  that,  for  a  very  large  percentage  of  metal  and  plastic  fastening 
!>'.  these  famous  screws  offer  a  combination  of  ease,  speed  and  security 
II  no  other  fastening  device  or  method  can  match  I 

How  P-K  Self-tapping  Screws  Simplify  Fastening  Jobs  . . . 

One  easy  operation  makes  a  fastening  with  P-K  Self-tapping  Screws  .  .  . 
B»  rely  drive  the  Screws  into  plain  untapped  holes.  Such  sinn)licity  elimi- 
tapping  and  tap  maintenance  . . .  solves  the  problem  of  getting  scarce 
. . .  stops  fumhling  with  holts  and  nuts  and  placing  of  lock  washers  .  . . 
away  with  inserts  in  plastics  .  . .  cuts  out  riveting  and  welding  in  hard- 
t»uet-at  places. 

tart  now  . . .  (ptestioti  es  ery  fastening  !  Be  sure  you  can't  employ  the  sim- 
pfc  Self-lapping  Screw  method  before  you  put  up  with  a  nu»re  difficult  one. 


Call  in  a  P-K  Assembly  Engineer  to  check  over 
fasttming  jobs  tcith  you.  He  can  show  you  how  to 
search  out  all  opportunities  to  apply  P-K  Self-tap¬ 
ping  Screw  s.  And.  he'll  recommend  them  only  w  hen 
they  will  do  the  job  better  and  faster.  If  you  prefer, 
mail  in  assembly  details  for  recommendations. 

Change  to  Self-tapping  Screws  Over  Night . . . 

No  matter  what  material  you’re  w  orking  with  . . . 
light  or  heavy  steel,  cast  iron,  aluminum,  brass, 
plastics  . . .  you  can  adopt  P-K  Self-tapping  Screw  s 
to  advantage.  And  you  can  make  the  change-over 
without  interrupting  production.  No  special  tools 
or  skilled  help  are  recjuired.  Parker-Kalon  Corp., 
192-194  Varick  Street,  New  York,  N.  Y. 


PARKER'KALON 


PPING  SCREWS  FOR  EVERY  METAL  AND  PLASTIC  ASSEMBLY 


SELF'TAPPING  SCREWS 


Give  the  Green  Light  *to  War  Assemhlip^ 
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ably  higher  where  music  was  used 
than  where  it  was  not  used.  Increases 
in  production  rates,  resulting  from  the 
introduction  of  music  ranged  from  1.3 
percent  to  11.1  percent.  Further  studies 
indicated  that  the  effect  was  not  a 
transient  one.  The  production  in¬ 
creases  are  even  more  surprising  when 
it  is  considered  that  many  of  the  groups 
measured  consisted  of  employees  on 
piece  work  who  were  already  producing 
at  what  was  considered  top  speed.  In 
addition  to  increasing  the  production 
rate,  Monday  morning  absenteeism  and 
early  end-of-the-day  departures  de¬ 
creased  considerably. 

The  effect  of  a  carefully  selected  and 
planned  musical  program  in  a  plant 
already  using  music,  but  with  indis¬ 
criminate  selection,  was  studied  and  an 
increase  in  the  production  rate  of  R.8 
percent  was  noted.  This  would  seem  to 
bear  out  the  theory  that  while  music 
is  better  than  no  music,  programming 
will  not  be  satisfactory  until  it  is  un¬ 
dertaken  on  the  basis  of  a  careful 
analysis  of  the  results  it  gets.  We  have 
to  date  only  the  showmanship  and  ex¬ 
perience  of  the  programmers.  More 
statistical  analysis  of  factory  per¬ 
formance  should  teach  us  much.  Pro¬ 
gramming  must  ultimately  be  under¬ 
taken  for  the  factory,  if  not  for  the 
specific  operation.  Fatigue  curves  var> 
in  shape  and  amplitude  and  it  is  diffi¬ 
cult  to  find  one  remedy  for  dips  oc¬ 
curring  at  different  times  in  different 
operations.  The  remedy  for  this  ex¬ 
ists  and  the  technique  for  employing  it 
is  in  hand. 

In  closing  Prof.  Burris-Meyer  ob¬ 
served,  “Little  of  the  music  used  in  the 
factory  is  germane  to  the  endeavor  it 
accompanies.  The  work  song  took  not 
only  its  rhythm  but  its  mood  and  lyric 
from  the  work  operation.  The  trans¬ 
cription  carried  something  composed 
employee  for  the  concert  hall,  the  stage  or  the 
ion.  The  night  club.  The  leisure  music  is  not  in 
nt  of  the  the  idiom  of  the  modern  industrial 
consider-  plant  and  yet  the  industrial  audience 


NEWS  OF  THE  INDUSTRY 


Dr.  L.  P.  Wheeler,  FCC,  becomes  Presi¬ 
dent,  Institute  of  Radio  Engineers  for 
1943 ;  John  Fritz  medal  awarded  to  W.  R. 
Whitney;  critical  communications  jobs 
listed  by  Selective  Service  headquarters 


ing  equipment;  mechanic,  radio  com¬ 
munication  office;  production  man, 
bilingual;  program-transmission  sup¬ 
ervisor;  radio  operator;  radio  repair¬ 
man,  broadcasting;  recording  engineer; 
rigger,  radio;  station  installer,  station 
repairman;  traffic  chief,  radio  com¬ 
munications,  transformer  repairman; 
translator;  transmission  engineer;  war 
correspondent;  wire  chief. 


Selective  Service  Headquarters 
Determines  Critical  Jobs 
111  Communications 

Selective  Service  Headquarters  has 
notified  local  boards  of  92  occupations 
which  are  to  be  considered  “critical” 
when  classifying  men  for  the  call  to 
arms.  The  list  was  issued  in  accord¬ 
ance  with  certification  by  the  War  Man¬ 
power  Commission  that  communication 
services  are  essential  to  the  support  of 
the  war  effort. 

Draft  deferment  of  men  on  this  list 
continues  to  be  at  the  discretion  of  the 
local  boards.  Selective  Service  infor¬ 
mation  men  emphasized.  In  general, 
deferment  is  determined  by  the  answers 
to  three  questions: 

1.  Is  the  man  in  an  essential  service? 

2.  Is  his  job  essential  to  the  func¬ 
tioning  of  that  service? 

3.  Is  he  irreplaceable  in  that  job? 

The  new  listing  is  designed  to  answer 

questions  1  and  2. 

In  classifying  registrants  employed 
in  these  activities,  Selective  Service  Di¬ 
rector  Hershey  said,  consideration 
should  be  given  to  the  following: 

(a)  The  training,  qualification,  or 
skill  required  for  the  proper  discharge 
of  the  duties  involved  in  his  occupation; 

(b)  the  training,  qualification,  or 
skill  of  the  registrant  to  engage  in  his 
occupation;  and 

(c)  the  availability  of  persons  with 
his  qualifications  or  skill,  or  who  can 
be  trained  to  his  qualification,  to  re¬ 
place  the  registrant  and  the  time  in 
which  such  replacement  can  be  made. 

Here  are  the  communications  jobs 
of  interest  to  the  radio  industry  which 
are  to  be  considered  “critical.” 

Accountant,  cost;  carpenter,  mainte¬ 
nance;  control-room  man;  control  sup¬ 
ervisor,  junior;  control  supervisor, 
senior;  director,  international  broad¬ 
casting;  electrician  (all  around);  en¬ 
gineer,  professional  and  technical;  for¬ 
eign-language  ;  announcer-translator ; 
foreign-language-news-or-script  writer ; 
foreman,  electrical  work;  instrument 
maker;  machinist  (all  around);  man¬ 
ager,  employment  and  personnel; 
manager,  production;  mechanic,  elec¬ 
tric  maintenance;  mechanic,  mainte¬ 
nance;  mechanic,  mechanical  tabulat- 


LAFT.  When  Uncle  Sam  drafted  KALB's  iimior  and  his  two  male 
the  station  management  drafted  the  Alexandria,  La.  high  school 
ach.  Miss  Dorothy  Aden.  With  a  few  weeks  of  training  Miss  Aden 
ir  Third  Class  Operator's  License  and  is  well  on  her  way  to 
getting  the  Second  Class  rating 
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...meets  wars 
hardest  tests! 

In  aircraft  and  other  mechanical  weapons  •— where 
requirements  are  unusually  severe  —  Walker-Turner 
Flexible  Shafting  has  thoroughly  demonstrated  excep¬ 
tionally  high  quality  of  design  and  materials.  As  one 
of  the  largest  manufacturers  of  flexible  shafting  for 
industry,  Walker-Turner  has  gained  wide  experience 
in  design,  production  and  application  of  flexible 
shafting  for  remote  control  and  power  transmission. 

Although  it  is  one  of  the  busiest  departments  of  this 
Company,  we  are  always  glad  to  help  other  concerns 
who  may  wish  to  learn  more  regarding  the  possibility 
of  simplifying  design  through  the  use  of  flexible 
shafting.  Walker-Turner  Flexible  Shafting  is  available 
today  in  products  used  for  war  purposes,  in  a  wide 
range  of  sixes  and  specifications. 

WALKER-TURNER  COMPANY,  INC. 

14122  Berckman  Street  Plainfield.  N.  J. 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


!:i.ECTROMCS  — /942 


■1 


will  at  present  rate  soon  be  the  largest 
audience  for  the  musician.  No  artist 
undertakes  a  composition  or  perform¬ 
ance  without  the  consciousness  of  his 
audience,  and  insofar  as  his  art  is 
valid  he  undertakes  to  exercise  emo¬ 
tional  control  over  that  audience. 
When  the  composer  starts  to  think  of 
his  work  as  being  first  and  oftenest 
performed  in  a  factory,  before  people 
who  are  working  while  they  listen,  we 
may  well  have  a  musical  idiom  which 
is  something  new  on  the  face  of  the 
earth,  and  what,  industry  can  do  for 
music  may  be  as  important  when  the 
record  of  this  civilization  is  written,  as 
anything  music  can  do  for  industry.” 


HE*  THE 
OsJOH  CALLS 


ergcncy— buiWins  mowU 

rtainmentfof  our  eKectIvus 
local  d«fen$€  probUms— 
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sailing  d«l«nse 
news — 

YOU*  STATION  WANTS  mjkJ 
lovnAOt  IN  YOUR  DSfINSD 

1  BLAW-KNOX  vertical  RADI 

1  „ean  greater  coverage^more 

i  They  are  backed  by  experience 
'  the  entire  History  of  radio. 


John  Fritz  Medal  Awanletl  to 
Willis  Rodney  Whitney 

Willis  Rodney  Whitney,  chemist, 
engineer,  inventor,  author  and  edu¬ 
cator,  has  been  announced  as  the  recipi¬ 
ent  of  the  1943  John  Fritz  Medal,  the 
highest  American  engineering  award. 
The  medal  was  first  awarded  in  1902  to 
John  Fritz,  pioneer  iron  master  and 
engineer  in  whose  honor  the  award  es¬ 
tablished.  It  has  been  awarded  an¬ 
nually  since  that  time  for  “notable 
scientific  or  industrial  achievement, 
without  restriction  on  account  of  na¬ 
tionality  or  sex.”  It  is  conferred  by  a 
board  composed  of  representatives  of 
four  national  engineering  societies,  the 
American  Society  of  Civil  Engineers, 
The  American  Institute  of  Mining  and 
Metallurgical  Engineers,  the  American 
Society  of  Mechanical  Engineers,  and 
the  American  Institute  of  Electrical 
Engineers. 

Dr.  Whitney’s  most  notable  achieve¬ 
ment  was  the  creation  and  development 
of  the  General  Electric  research  labor¬ 
atory,  one  of  the  earliest  of  its  kind  in 
the  United  States.  This  laboratory, 
pioneer  in  the  application  of  .science  to 
industry,  has  gained  a  world-wide  repu¬ 
tation  by  the  quality  of  its  work  and 
the  importance  of  its  results.  He  be¬ 
came  vice-president  and  director  of 
research  of  the  General  Electric  Co., 
in  1928,  and  in  1932  vice-president  in 
charge  of  research. 

Other  recipients  of  the  John  Fritz 
Medal  are  Lord  Kelvin,  George  West- 
inghouse,  Alexander  Graham  Bell, 
Thomas  Alva  Edison,  Charles  T.  Por¬ 
ter,  Alfred  Noble,  Sir  William  H. 
White,  Robert  W.  Hunt,  John  E.  Sweet, 
James  Douglas,  Elihu  Thomson,  Henry 
M.  Howe,  J.  Waldo  Smith,  George  W. 
Goethals,  Orville  Wright,  Sir  Robert 
A.  Hadfield,  Charles  Prosper,  Eugene 
Schneider,  Guglielmo  Marconi,  .Am¬ 
brose  Swasey,  John  Frank  Stevens,  Ed¬ 
ward  Dean  Adams,  Elmer  .Ambrose 
Sperry,  John  Joseph  Carty,  Herbert 
Hoover,  Ralph  Modjeski,  David  Watson 
Taylor,  Michael  Idvorsky  Pupin,  Daniel 
Cowan  Jackling,  John  Ripley  P'reeman, 
Frank  Julian  Sprague,  William  Fred¬ 
erick  Durand,  Arthur  Newell  Talbot, 
Paul  Dyer  Merica,  Frank  Baldwin  Jew¬ 
ett,  Clarence  Floyd  Hirshfeld,  Ralph 
Budd,  and  Everette  Lee  De  Golyer. 


fm  and  television  towers 

blaw-knox  division 

of  Blaw-Knox  Com^nY^ 

F.rmT.  Bank  Building,  Pitt.bu«ll|p. 


December  J  942  —  ELECTRONICS 


IT  is  not  too  much  to  soy  that 
*  Pan  American  Airways  has 
invented  the  technique  of  trans¬ 
oceanic  air  transport;  a  tech¬ 
nique  based  on  superb  skill, 
meticulous  maintenance,  and 
thoroughly  reliable  equipment. 


National  and  Pan  American 
Airways  have  never  been 
strangers,  but  we  are  particu¬ 
larly  proud  that  year  by  year 
Pan  American  has  turned  in¬ 
creasingly  to  National  com¬ 
munication  Equipment. 

NATIONAL  COMPANY,  INC. 

MALDEN,  MASSACHUSETTS 


PHOTO  COUrESY  OF  PAN  AMERICAN  AIRWAYS  SYSTEM 


Upp»r  photo:  Pan  American  Strato-Clippers. 

Lower  photo:  A  Pan  American  radio  installation  usirtQ 
National  Receivers. 
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FCC  Radio  Intelligence 
Division  Proves  to  be 
Invaluable  in  the  War  Effort 

The  Radio  Intelligence  Division  ct 
the  Federal  Coniniunications  Commis 
sion  has  been  rendering  a  service  t.. 
the  nation  in  its  war  program  whicl 
has  proved  its  worth  many  times  over. 
The  demands  of  war  have  necessitated 
an  increase  of  personnel  of  this  division 
of  about  50  percent  to  bring  the  total  to 
about  900  engineers,  technicians  and 
cartographers.  The  work  goes  on  24 
hours  a  day,  7  days  a  week  to  bring  to 
the  attention  of  our  military  staffs  all 
possible  information  which  is  trans¬ 
mitted  by  radio  throughout  the  world. 

The  United  States  and  its  territories 
are  divided  into  twelve  monitoring 
areas  in  each  of  which  is  located 
a  primary  fixed  monitoring  station. 
These  stations  are  equipped  for  re¬ 
cording  all  high-speed  code  tran.s- 
missions,  direction  finding,  and  general 
monitoring  work.  In  addition,  there 
are  96  secondary  monitoring  station.s 
and  a  number  of  mobile  units  located 
throughout  continental  United  State.s, 
Hawaii,  Alaska,  and  the  West  Indies. 
To  coordinate  the  activities  of  all  these 
stations  Radio  Intelligence  Centers  are 
located  at  Washington,  San  Francisco, 
and  Honolulu  which  act  as  clearing 
houses  for  the  exchange  of  information. 
The  primary  monitoring  stations  and 
the  three  Intelligence  Centers  are  con¬ 
nected  to  each  other  by  radiotelegraph 
and  wire  teletypewriter  services. 

In  addition  to  its  services  in  gather¬ 
ing  information  concerning  the  activ- 


Meeting  a  pressing  need 

— ^for  defense  communications  improvemont 
— demanding  extension  of  services,  development 
of  refinements,  more  specially- 
trained  engineers 

Prepare  for  speciali- 
xaf/on 

the 

thes*  books 


lems,  the  essentials  of  this  field  and  its 
complete  modern  background  are  grouped 
here,  for  the  aid  of  those  who  wish  to  pre¬ 
pare  quickly  for  design  and  research  work 
in  the  vitally  important  and  expanding 
field  of  defense  communications  engineer¬ 
ing. 


THIS  LIBRARY  was  selected  by  radio 

engineering  specialists  of  the  McGraw-Hill 
publications  to  give  a  well-rounded  view  of 
communications  engineering  theory,  appli¬ 
cations,  and  special  techniques.  From  im¬ 
portant  tube  and  radio  fundamentals  to 
special  emphasis  on  high-frequency  prob- 

TAe  newly-assembled 


DEFENSE  COMMUNICATIONS  LIBRARY 


6  volumes,  3662  pages,  6x9,  2111  illustrations,  many  tables  and  charts 

These  books  give  the  basis  for  comprehensive  prac¬ 
tical  working  knowledge  of  uitra-high  frequencies 

I  Hand's  PHENOMENA  IN  HIGH  FRE-  Kaged  in  ultra-high  frequency  phenomena  is 
'•  "7"®  *  ^  niwn  rwt  material  on  radiation  from  antennas  of 

9UENCT  oTSTEMo  various  types,  effect  of  the  earth  on  the 

A  complete  survey  of  theories,  practices,  and  propagation  of  radio  waves,  and  the  refrac- 

equipment  the  high  frequency  communlca-  tion  and  reflection  of  waves.  A  "must  for 

tions  engineer  requires  in  design  and  develop-  advanced  workers  engaged  in  wave  propa- 

ment  of  ultra-high  frequency  systems.  Chap-  gatlon  phenomena. 

ters  on  High  Frequency  Generators,  Electro-  -  *  h  ,  l,  wue/NBV  aain  auBiir^A 

magnetic  Theory,  Theory  of  the  Ionized  v.  KOICn  S  TrlEwKT  AND  ArrLHeA- 

Layer,  Lines  of  Long  and  Short  Electrical  TION  OF  ELECTRON  TUBES 

Length,  and  on  Directive  Systems  have  par-  . 

ticular  application  in  the  present  emergency.  f^on  “tubtI,^he"  hea“rt^7‘^^^^^^^^^ 

2.  Hand's  HIGH-FREQUENCY  MEAS-  tion  system,  giving  thorough,  coordinated 

IIOBSiCMTC  groundwork  in  tube  and  circuit  theory,  with 

UKBMEN  I  O  emphasis  on  fundamental  principles  and  their 

An  authoritative  treatise  on  measurements  use  in  many  applications  in  electronics,  com- 
of  voltage,  current,  power  frequency,  L.  C.  R.  munications,  power,  and  measurements, 

tube  constants  and  characteristics,  radiation,  ruz-i 

and  other  high  fre<iuency  electrical  quanti-  5.  Evoriff  $  COMMUNICATION  ENGI- 
ties.  Of  special  timeliness  is  the  material  on  NEERING 

measurements  of  frequency  and  phase  modu-  „  ,,  ,  „ 

lation,  the  discussion  of  the  use  of  cathode  A  standard  and  well-known  f®*t  covering 

ray  tubes  in  high-frequency  measurements,  communication  practice  at  all  usual  fre- 

and  the  determination  of  radiation,  directlv-  quencies.  emphasis  is  on  theorems  which 

ity  and  other  transmission  phenomena.  apply  fundamental  similarities  of  ■'imple  net- 

_  _  _  works  to  new  complicated  structurea 

3.  Straffen’s  ELECTROMAGNETIC  ,  Banin 

THEORY  Glasgow's  PRINCIPLES  OF  RADIO 

An  advanced  text  on  electromagnetic  theory.  ENGINEERING 

treated  mathematically  through  the  exten-  A  well-known  text,  relating  theory  of  the 

sive  application  of  vector  analysis.  The  first  thermionic  vacuum  tube  and  its  associated 

chapters  deal  with  electrostatic  and  electro-  circuits  to  communications  without  slight- 

magnetic  fields,  and  are  followed  by  chap-  ing  necessary  mathematical  explanations, 

ters  on  plane,  cylindrical  and  spherical  waves.  Used  in  Government-sponsored  defense  com- 

Of  particular  interest  to  the  engineer  en-  munications  courses. 


10  DAYS'  FREE  EXAMINATION 


EXAMINATION  COUPON 


Special  low  price 
Easy  terms 

Bought  singly,  these  6  books  would 
cost  you  $31.00.  Under  this  offer  you 
sare  $2.50  and  in  addition  bare  the 
privilege  of  paying  in  easy  installments 
beginning  with  $3.50  ten  days  after 
receipt  of  the  books,  and  continuing 
at  $5.00  monthly  for  6  months. 


McGraw-Hill  Book  Co..  Inc.,  330  W.  42nd  St..  New  York 

Send  me  Defense  Communications  Library  for  10 
days’  examination  on  approval.  In  10  days  I  will 
send  you  $3.50,  plus  few  cents  postage,  and  $5.00 
monthly  till  $28.50  is  paid,  or  return  books  postpaid. 
(We  pay  postage  if  you  send  first  installment  with 
order. ) 


FIGHTING  FOR  HIS  HOMELAND  IN 
AMERICAN  INDUSTRY. 

Dr.  Chao-Chen  Wang  is  at  work  in  the 
electronics  laboratory  of  Westinghouse 
E  &  M  Co.  where  his  efforts  are  speeding 
up  the  delivery  of  vital  communications 
equipment  to  China  and  other  United  Na¬ 
tions.  He  was  sent  here  by  the  Chinese 
government  on  a  university  scholarship 
and  his  specialty  is  uhf. 


No  installment  charge 

These  books  assemble  for  your  con¬ 
venience  facts,  standards,  practice, 
data,  for  the  whole  held  of  com¬ 
munications  engineering,  with  em¬ 
phasis  on  training  in  ultra-high  fre¬ 
quencies.  Add  them  to  vour  library 
now,  under  this  advantageous  offer. 


Address 


Position 


Company 
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Should  you  be  one  of  rhose  engineers  who  is  looking  for  a  relay  with  plenty  of  guts, 
you  will  be  gratified  to  learn  that  Clare  Type  K.  d.  c.  Relays,  according  to  reports 
by  one  of  our  large  customers,  withstand  a  "300  G”  test.  Here  is  a  relay  that  not 
only  stands  up  under  this  extraordinary  test,  but  also  fits  perfectly  into  designs  where 
inches  and  ounces  count. 

Only  a  product  of  character,  constructed  of  the  finest  materials  by  skilled,  painstaking  craftsmen, 
can  function  properly  under  such  rapid  acceleration.  Materials  making  Clare  Type  K.  d.  c.  relays 
are  the  best  procurable;  contact  springs  of  nickel  silver,  insulators  of  special  heat-treated  Bakelite, 
and  all  metal  parts  plated  by  a  special  Clare  prtKess  to  withstand  a  2U()  hour  salt  bath  test. 

As  illustrated,  it  is  extremely  small,  measur¬ 
ing  only  132"  *  I'i"  X  ii**.  and  weighs  approxi-  Spring  insulatorsare 
mately  1  %  ounces  , . .  It  can  be  furnished  in  the  j 

contact  forms  shown  above  with  any  number  c^t  ,hat  permits  punch- 

springs,  up  to  and  including  12...  Coil  voltage  ing  without  cracks 

range  is  from  1.5  volts  to  60  volts  d.  c _ Con-  checks  and  pos- 

tacts  ot  either  18  gauge  silver,  rated  one  ampere,  j  1,,^ 

50  watts,  or  18  gauge  palladium,  rated  two  am-  moisture  absorption 
pcres,  100  watts  can  be  furnished.  properties.  Each  Type  K  Relay  is  given  a  1000  volt 

a. c.  insulation  breakdown  test. 

The  design  is  such  that  the  relay  itself  is  cap¬ 
able  of  withstanding  severe  vibration.  There-  _ 

.  r  .  ,  ,  The  armature  assem- 

fore,  no  anti-vibration  springs  are  employed  bly,  heelpiece  and 
. . .  The  screws  by  which  the  contact  spring  pile-  coil  core  are  made  of 

ups  are  fastened  to  the  heelpiece  are  tightened  magnetic  metal, care- 
,  .  /.  Ill-  fully  annealed.  The 

under  pressure  and  secured  into  the  heelpiece  armature  assembly  is 

by  a  coating  of  Glyptol  as  an  added  precaution.  available  with  either 

.yi  •  •  If  1  •  L  r  L-  I  single  or  doublearm. 

The  tiny  size  and  featherweight  ot  this  relay 

are  a  definite  contribution  to  design  problems.  _ 

Like  all  Clare  Relays,  it  can  be  “custom-built"  smal|  coil  is 

ro  meet  your  specific  requirements.  VC  rite  us  3^^,  ^ 

regarding  them.  VC’e  will  make  suggestions.  In  flat  side.  This  ItKks 
the  meantime,  send  for  the  Clare  catalog  and  the  entire  coil  m 
liata  book.  C.  P.  Clare  &  Company,  4719  VC'est  place  against  the 
c  1  A  /-u  Ill  c  I  heclpiece,prevent- 

bunnyside  Ave.,  Chicago,  Ill.  bales  engineers  in  ing  it  from  turning 

■ill  principal  cities.  Cable  iddress:  CLARFLA'W  or  becoming  loose.  The  screw  holding  the  coil  m  the 


heelpiece  is  equipped  with  a  split  type  lockwashcr. 
The  coil  is  carefully  wound  to  exact  turns  on  preci¬ 
sion  machines.  Coils  can  be  supplied  impregnated 
with  a  special  varnish.  They  are  covered  with  a  trans- 
parent  acetate  tape.  Each  coil  shows  data  regarding 
resistance  and  type  number. 


The  armature  assem¬ 
bly,  heelpiece  and 
coil  core  are  made  of 
magnetic  metal, care¬ 
fully  annealed.  The 
armature  assembly  is 
available  with  either 
single  or  double  arm. 


Uniform  armature  movement  is  assured  by  a  hinge  of 
“fatigueless"  beryllium  copper,  heat  treated  and  de¬ 
signed  to  provide  a  wide  margin  of  safety,  insuring 
long  life  under  vibration  and  permitting  millions  of 
uniform  operations. 


Contact  springs  are  made  of  nickel  silver  to  the  man¬ 
ufacturer's  specifications.  The  contacts  are  over-all 
welded  to  these  springs  by  a  special  process. 


The  small  coil  is 
equipped  with  a  front 
spool  head  having  a 
flat  side.  This  ItKks 
the  entire  coil  in 
place  against  the 
heelpiece,  prevent¬ 
ing  it  from  turning 
or  becoming  loose.  The  screw  holding  the  coil  in  the 


Spring  bushings  of  Bakelite  are  designed,  constructed 
and  attached  to  the  springs  so  that  the  small  springs 
used  on  this  relay  are  not  weakened.  Uniformity  of  re¬ 
lay  operation  and  long  service  life  are  thereby  assured. 


CLARE  RELAYS 

"Custom-Built"  Multiple  Contact  Relays  for  Electrical,  Electronic  and  Industrial  Use 
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ELECTRO-VOICE  MFC.  CO.,  Inc 


1239  SOUTH  BEND  AVENUE  SOUTH  BEND,  INDIANA 

Export  Office:  100  VARICK  STREET.  NEW  YORK.  N.  Y. 


ities  of  our  enemies,  the  Radio  Intelli¬ 
gence  Division  also  intercepts  many 
distress  signals  of  ships  at  sea  and  air¬ 
planes  forced  down  at  sea  and  at  iso¬ 
lated  points,  intercepts  reports  on  sub¬ 
marine  sightings  by  ships  under  at¬ 
tack, 'and  with  its  direction  finding 
equipment  many  airplanes  are  guided 
to  safety,  especially  in  the  vicinity  of 
Hawaii.  An  outstanding  example  of  its 
interception  of  distress  signals  was  the 
picking  up  of  the  sigrnal  transmitted  by 
a  Navy  plane  forced  down  in  the  South 
Pacific  near  the  Galapagos  Islands 
by  a  monitoring  station  in  Pennsyl¬ 
vania.  The  information  was  passed  on 
to  the  Navy  Department  and  the  crew 
rescued  promptly. 

The  division  also  conducts  research 
and  development  work  in  new  radio  de¬ 
vices  for  use  in  its  special  field,  espe¬ 
cially  in  the  tracking  down  of  illicit 
transmitters.  Advanced  training 
schools  for  its  personnel  ai-e  operated 
and  recently,  under  the  auspices  of  the 
State  Department  and  the  Coordinator 
of  Inter-American  Affairs,  a  number  of 
students  from  Latin  America  and  Mex¬ 
ico  have  been  enrolled. 


SAMPLE, 


A  SUPER  AIRCRAFT  RELAY 


Below  are  specifications  of  a  specific  G-M  type  27  relay  for  14 
volt  D.  C.  operation.  These  characteristics  can  be  varied  over 
a  wide  range  to  suit  the  requirements  of  different  applications. 

Vibration  and  acceleration  — 15 g;  Altitude— 40,000  feet; 
Contact  pressure— 50  grams  (double  make  double  break  con¬ 
tacts);  Contact  capacity  —  20  amperes  at  30  volts  d.c.  (100 
ampere  inrush);  200  hour  salt  spray  test;  Pick  up — 5  volts 
(.36  watt)  at  20°  C.;  Nominal  coil  voltage — 14  volts  d.c.;  Coil 
wattage  at  14  volts  d.  c. —  2.8  watts  at  20°  C.;  Dimensions 
IV2  X 1%  X 1%  inches  high;  Weight  5  oz.;  Box  frame  construc¬ 
tion  for  superior  strength  and  sturdiness;  Contacts  protected 
from  damage  and  dirt  by  bakelite  box  design;  Temperature 
range  — 40  to  +  90°  C.  Write  for  further  information. 


FHEE  samples  of  the 
above  relay  will  be  iui- 
nished  relay  users  if  re¬ 
quest  is  accompanied 
by  priority  of  AIK  or 
better.  Request  specifi¬ 
cation  No.  12723. 


Industrial  Representatives 
Attend  Army  Staff  School 

A  FOUR-WEEK  ORIENTATION  course  in 
Army  organization  and  procedures  is 
being  conducted  at  the  Command  and 
General  Staff  School  at  Fort  Leaven¬ 
worth,  Kansas  for  83  industrial  execu¬ 
tives  and  representatives  whose  work 
is  closely  associated  with  the  war  pro¬ 
gram.  Of  the  83  men  attending  the 
school  nine  are  from  the  communica¬ 
tion  industry.  L.  Myles  Regottaz,  ex¬ 
port  manager  of  the  RCA  Manufactur¬ 
ing  Co.,  H.  Leslie  Atlass,  vice-president 
of  the  Columbia  Broadcasting  System, 
and  Henri  C.  Bohle,  assistant  vice- 
president  of  the  International  Stand¬ 
ard  Electric  Corp.,  manufacturing 
subsidiary  of  the  International  Tele¬ 
phone  and  Telegraph  Co.  represent  the 
radio  portion  of  the  communication  in¬ 
dustry. 

The  course  will  consist  of  146  hours 
of  instruction  and  will  cover  the  gen¬ 
eral  picture  of  the  military  forces  of 
the  United  States,  their  organization, 
administration  and  operations;  the 
duties  and  responsibilities  of  the  sev¬ 
eral  divisions  of  the  War  Department 
and  of  the  governmental  agencies  con¬ 
nected  with  the  war  effort;  the  duties 
and  functions  of  the  War  Department’s 
field  agencies  and  some  general  princi¬ 
ples  of  tactics,  strategy,  supply  and 
administration. 


4313  NORTH  KNOX  AV E N  U  E,  C H  I C  AGO,  U.  S.  A. 


Coming  through 


in  the  heat  and  noise  of  battle  . . .  orders  are  coming  through 


Hce  MICROPHONES 


While  we  cannot  discuss  the  actual  developments  embodied  in  many  of  our  new 
models,  we  can  say  that  they  have  been  designed  specifically  to  limit  background  noises 
and  to  allow  speech  to  come  through  the  bedlam  of  battle.  t; 


Coast  Guard  Takes 
Over  Maekay  Station 

Station  WSL,  the  coastal  radio  tele¬ 
graph  marine  station  of  the  Maekay 
Radio  &  Telegraph  Co.  located  at 
Amagansett,  Long  Island,  has  been 
leased  by  the  Coast  Guard  for  the  dura¬ 
tion  of  the  war. 
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/SiOa  - against  WATER 


I{i>iinp  iItkI  falling  with  the  waves , . .  men 
«m  a  niWlMT  raft  . . .  hiiiiiaii  lives  siiatt'lied 
from  the  sea. . .  hy  a  thin  layer  of  inflated 
rnhln'r. 

Important?  Yes.  It’s  important  that 
the  thin  sheets  of  rnhher  Ik*  kept  free  of 
•  nieks  and  Misters,  that  the  raft  nnfohl 
easily,  that  it  Ik*  safe  when  it's  needed. 

riiat’s  why  rnhher  life  rafts  are  pna*- 
e'srd  in  spe<-ial  air  eonditioiu'd  rtMtins  .  . . 
to  make  the  rnhln'r  tongh  and  long- 
la'ting.  Haam  tern peraf are  atul  humidity 
are  maintained  more  exactly  than  ever. 

lo  do  jobs  like  this,  air  eonditioning 
e<|uipment  must  he  more  preeise,  more 
Hexihle,  more  eoinpaet.  Recpiired  “eli- 
ti  ates”  must  he  reprtwlneed  faithfully  . . . 
''lierever  and  whenever  wanted. 
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General  Fdeetric  h.as  already  taken  an 
«>ntstanding  i)art  in  developing  this  new 
kind  of  air  e«m<litioning  for  war  indus¬ 
tries.  After  the  war.  all  users  of  air  eondi¬ 
tioning  will  henefit  from  the  lessons  we 
have  learned  in  meeting  these  stringent 
war  re<tuirements. 

More  ])eople  will  enjoy  air  eondition¬ 
ing  lH‘eanse  it  will  he  more  eoinpaet  .  .  . 
more  eeonomieal.  (’arswill  have  it.  .\1m> 
planes  and  boats.  .Small  stores,  as  well 


as  large,  will  want  it  to  increase  sales, 
to  keep  giHsIs  fresh.  Fai  tories  will  d«-- 
mund  it  as  an  ai<l  to  priMlnetion. 

The  phu-e  to  turn  for  this  new  eipiip- 
ment  will  he  (leneral  Klei’trie  ...  a  logical 
sonree  of  heating,  refrigeration,  air  <on- 
tlitioning.  and  heat  transfer  ecpiipment 
of  all  kimls.  'I'lirn  to  (i-K. 

Air  Conditioniny  and  ('ommeriral 
llefriyerafion  Department.  Dirision  tJ7. 
General  I'.lectric  Co.,  liluomjield,  .V.  J. 


;40i  ^ 
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Signal  Corps  Deliveries 

More  than  $3,000,000  worth  of  com 
munications  equipment  is  being  deliv 
ered  to  and  accepted  by  the  Signal 
Corps  daily.  This  rate  is  twenty  time 
the  rate  of  a  year  ago.  This  remark 
able  performance  is  the  result  of  co¬ 
operation  between  the  Signal  Corps,  the 
WPB,  and  industry.  The  radio  manu 
factoring  industry  had  to  be  expande(i 
many  fold  in  a  very  short  time.  Th( 
telephone  industry  was  in  a  little  better 
shape  for  adjustment  to  the  vastly  in 
creased  requirements  for  manufactured 
materials. 

Even  at  the  rate  of  $3,000,000  w’ortii 
of  equipment  daily,  several  year 
would  be  required  to  complete  deliver\ 
of  all  equipment  on  order  by  the  Signu 
Corps  which  amounts  to  about  six  bil¬ 
lion  dollars.  Thus,  even  more  spectacu¬ 
lar  figures  for  production  by  the  com¬ 
munications  industry  can  be  expecteii 
in  the  near  future. 


THBRMOSTATMC  BM-METALS 


BCBCTBICAL  COSTACTS 


Percolators  or  Pursuit  Planes 


★  .\lmost  overnight,  whole  industries  have  changed  over 
from  peacetime  to  war  production.  AYet,  whether  it’s  brood¬ 
ers  or  bombers,  transformers  or  transports,  percolators  or 
pursuit  planes,  the  need  for  Wilco  specialized  thermostatic 
bi-metals  and  electrical  contacts  remains  unchanged.  Resis¬ 
tance  bi-metals  (from  24  to  440  ohms,  per  sq.  mil,  ft.)  and 
high  and  low  temperature  thermostatic  bi-metals  are  avail¬ 
able  in  wide  variety.  ★Also  Wilco  electrical  contact  alloys 
(in  Silver,  Platinum,  Cold,  Tungsten,  Metal  Powder  Groups). 


St.  Louis  Utility  Installs 
F-M  System 

St.  Louis  is  the  latest  city  to  have  in¬ 
stalled  a  two-way  f-m  radio  system  to 
give  instant  communication  during 
emergency  periods  in  a  utility  system. 
The  Union  Electric  Co.  of  Missouri  has 
recently  put  into  service  three  f-m 
transmitter-receiver  units  for  emer¬ 
gency  service.  One  unit  is  located  on 
the  top  floor  of  the  Union  Electric 
building  in  the  downtown  area  and 
the  other  two  are  carried  on  trouble 
shooting  emergency  trucks.  The  op¬ 
erating  frequency  is  39.6  Me. 


The  H.  A.WILSON  CO 


105  CHESTNUT  ST.,  NEWARK,  N.  J, 

Branches;  Chicago  and  Detroit 


Col.  John  Stilwell  Elected 
Director  of  American 
Standards  Association 

Col.  John  Stilwell  has  just  been  elec¬ 
ted  to  serve  a  three-year  term  on  the 
board  of  directors  of  the  -American 
Standards  Association.  He  is  now  .serv¬ 
ing  his  third  term  as  president  of  the 
National  Safety  Council.  He  has  also 
served  as  president  of  the  Greater  New 
York  Safety  Council  and  of  the  Ameri¬ 
can  Museum  of  Safety.  As  general  sup¬ 
erintendent  of  Transportation  and 
later  vice-president  of  the  Consolidated 
Edison  Co.  of  New  York,  Col.  Stilwell 
has  had  much  to  do  with  the  safety 
program  of  that  company. 


*  Much  the  success  of 

this  Hudson  Wire  product  is 
due  to  a  new  coating  method  that  gives 
a  smooth,  permanently-adherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  engintering  and  design  facHifies  are  at  your 
disposal — details  and  quotations  on  request. 


Denny  Appointed  FCC 
General  Counsel 

Charles  R.  Denny,  Jr.,  has  been  ap¬ 
pointed  general  counsel  of  the  Federal 
Communications  Commission  to  suc¬ 
ceed  Telford  Taylor  w'ho  has  been 
commissioned  a  major  in  the  Army. 
Denny  w'as  an  a.ssistant  general  coun¬ 
sel  of  the  FCC  since  February  w’hen  he 
transferred  from  the  Justice  Depart¬ 
ment. 
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Alaskan  Broadcast  Station 
Raises  Power 

Station  KFAR  at  Fairbanks,  Alaska 
has  stepped  up  its  power  from  1000 
watts  to  5000  watts  by  permission  of 
the  Federal  Communications  Commis¬ 
sion  and  is  prepared  to  increase  it 
further  to  10,000  watts  after  the  war, 
or  sooner  if  conditions  warrant  it. 
Military  considerations  emphasized  the 
necessity  for  higher  power  broadcast¬ 
ing  in  Alaska  because  even  on  1000 
watts  this  station  had  been  a  distinct 
aid  to  both  Army  and  commercial  avi¬ 
ation.  Also,  this  station  was  the  only 
means  by  which  military  authorities 
could  reach  the  population  with  in¬ 
structions  in  case  of  an  emergency. 
With  these  things  in  mind,  the  FCC 
gave  permission  and  the  WPB  granted 
the  necessary  priorities  to  get  the  sta¬ 
tion  operating  at  the  higher  power  in 
very  short  order. 


Faster  PLASTIC  Deliveries! 


Branding  by  Rogan  on  plastics  oitor  molding  oliminatos  many  time-consuming 
mold-making  operations,  and  permits  you  to  use  blank  stock  parts!  Use  only  one 
master  die  for  interchangeable  parts  .  .  .  Rogan  will  brand  the  markings  for 
different  uses  .  .  .  FASTER! 


APPROVED  AS  THE  EQUAL  OF  ENGRAVING 

Rogan  "deep-rolioi"  branding  on  plastic  parts  moots  rigid  ro- 
quiromonts.  Has  boon  OK'd  os  tho  oqual  of  ongraTing  now  callod 
for  in  specifications. 


Radio  Club  Hears  deRosa  on 
Synthetic  High  Fidelity 

At  the  December  10  meeting.  Radio 
Club  of  America,  L.  A.  deRosa  will 
describe  the  work  he  has  been  doing 
with  improving  auditory  reception  by 
taking  advantage  of  the  fact  that  the 
ear  is  fundamentally  a  distorting  trans¬ 
lating  device.  According  to  Mr.  de 
Rosa,  an  analysis  of  the  operation  of 
the  human  hearing  mechanism  leads  to 
the  conclusion  that  the  ear  supplies  the 
brain  with  signal  patterns  which  are 
highly  distorted  versions  of  the  ex¬ 
ternally  impressed  acoustical  energy. 
By  the  cognizance  of  the  general  rules 
governing  the  distortion  characteristic 
of  the  ear  it  is  possible  to  supply  the 
hearing  mechanism  with  sounds  con¬ 
sisting  entirely  of  externally  gener¬ 
ated  extraneous  products  and  yet  pro¬ 
duce  natural  and  apparently  distortion 
free  responses.  The  ear  apparently 
acts  as  a  narrow  band  transducer  and 
by  applying  certain  patterns  of  dis¬ 
tortion  lying  only  within  the  middle 
range  of  audio  frequencies,  it  is  pos¬ 
sible  to  simulate  low  and  high  fre¬ 
quency  sensations;  this,  despite  the  ab¬ 
sence  of  low  and  high  frequency  signals 
in  the  sound  conveyed  to  the  ear. 

One  of  the  many  applications  of  the 
development  is  the  reproduction  of  an 
apparently  high-fidelity  signal  from  a 
receiver  having  a  poor  bass  and  high 
frequency  response.  The  theory  under¬ 
lying  the  production  of  various  effects 
will  be  discussed  at  the  meeting  and  a 
practical  demonstration  will  be  given. 


ROGAN  BRANDING  CUTS  COST 

SaT*  •xpcnsiT*  Ultaring  and  marking  costa  through  tho  uso  of 
timplor  molds,  fowor  diot.  Illustratod  is  a  plastic  shut-off  brandod 
by  Rogan,  Just  on#  oxompl#  of  ability  to  handle  any  Job.  For 
plastic  ports  large  or  small,  flat,  curred,  round  or  conical,  save 
time  and  money  by  utilising  Bogan's  exclusive  branding  process. 

Send  description  of  your  requirements  today! 


nil  DDHTUCDC  Miehigon  Av*. 

fill  Dll U  I  nCIlO  Chicago  lllinoi 

EASTERN  PLANT— 154  Lawrcne*  St.,  Brooklyn,  New  York 


Constant  OutiNit  Voltaie 
J15  VOLTS  ±h7c 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three 


Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-7I  JE  describing  Raytheon  Stabilizers. 


Blind  Persons  Used  in 
Preeision  Assembly 

The  Universal  Microphone  Co.  of  In¬ 
glewood,  Calif,  is  using  blind  men  and 
women  in  certain  types  of  precision  as¬ 
sembly  with  very  good  results.  These 
workers  are  placed  in  normal  working 
positions  with  other  workers  at  jobs  in 
which  their  blindness  offers  no  handi¬ 
cap. 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street  WALTHAM,  Massachusetts 
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AmerTran  modulation 
transiormeri  and  ro- 
actors,  oil  immersed 
type,  ior  large  broad¬ 
cast  transmitters. 


AmerTran  RS  plat# 
transformers  and  re¬ 
actors,  oil-immert#d 
type,  lor  all  larg# 
installations. 


AmerTran  W  plate 
transformers  and  re¬ 
actors  for  all  small 
and  medium  installa¬ 
tions. 


Serving  America  s  War  Work  Now . . . 
the  better  to  serve  all 


American  Industry  later 


Here  in  AmerTran's  factories  under  the  accelerated  tempo 
of  war  production,  we  are  designing  and  building  better 
transformers  that  will  help  meet  the  competitive  con¬ 
ditions  of  the  general  business  upswing  of  the  future. 
Here  in  blueprint  form,  and  in  the  shape  of  refined  de¬ 
signs  and  improved  construction,  better  AmerTran  equip¬ 
ment  is  being  produced  to  serve  war-time  America  now 
...  to  serve  peace-time  industry  later.  Tomorrow  these 
improvements  will  be  available  to  the  whole  of  the  com¬ 
munications  field  for  general  electronic  and  radio  ap¬ 
plications.  The  confidence  you  have  placed  in  the 
AmerTran  pre-war  products  you  are  using  today — a 
confidence  merited  by  41  years  of  leadership — will  be 
many  times  justified  when  the  splendid  results  of  the 
work  AmerTran  is  doing  today  become  generally  avail¬ 
able  to  a  victorious  American  industry. 


AMERICAN  TRANSFORMER  COMPANY,  178  Emmet  St.,  Newark.  N.  J. 


Manufactured  Since  1901  at  Newark,  N.  J. 


AmetTian  ttansioimets  are  manufactured  to  meet  your 
exact  electrical  and  mechanical  requirements. 
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Two  ASSOCIATE  MANUFACTURING  COm- 
panics  of  the  International  Telephone 
and  Telegraph  Corp.,  the  International 
Telephone  and  Radio  Manufacturing 
Corp.  and  the  Federal  Telegraph  Co., 
have  been  merged  and  the  name  of  the 
resulting  corporation  is  Federal  Tele¬ 
phone  and  Radio  located  at  Newark, 
N.  J.  The  new  organization  consists  of 
about  5500  persons  and  is  devoted  al¬ 
most  entirely  to  the  production  of  com¬ 
munication  and  radio  equipment  for  the 
war  program.  A  new  factory  is  being 
built  in  New  Jersey  and  will  be  the 
home  of  the  new  corporation.  It  is 
planned  that  all  laboratory  and  manu¬ 
facturing  operations  associated  with 
I.  T.  &  T.  in  the  United  States  shall 
eventually  be  centered  there. 

General  Limitation  Order 
L-183  Interpreted 

General  Limitation  Order  L-183,  is¬ 
sued  by  the  War  Production  Board  on 
September  18,  and  which  became  effec¬ 
tive  on  October  3,  has  given  rise  to 
numerous  questions  regarding  its  ap¬ 
plicability  and  method,  and  the  extent 
to  which  various  operators  are  af¬ 
fected  by  its  terms.  In  order  to  clarify 
the  situation,  the  Radio  and  Radar 
Branch  of  the  War  Production  Board 
has  summarized  the  questions  gleaned 
from  its  correspondence.  The  most 
frequent  questions  and  their  answers 
are  given  below: 


Q.  What  apparatus  is  governed  by 
the  Order? 

A.  The  definition  of  electronic 
equipment  is  interpreted  very 
broadly  and  includes  within 
its  meaning  anything  and 
everything  in  the  electronic 
field  which  is  not  specifically 
exempted  in  Schedule  A  of  the 
Order. 

Inter-communicating  equip¬ 
ment  involving  the  use  of 
vacuum  tubes  is  covered  by 
the  Order. 

Q.  Are  replacement  and  repair  parts 
covered  by  the  Order? 

A.  Yes.  Replacement  and  repair 
parts  in  the  hands  of  the 
manufacturer  may  not  be 
transferred  except  on  orders 
bearing  a  preference  rating  of 
A-3  or  higher. 

Q.  Are  distributors  affected  by  the 
Order? 

A.  No.  Distributors  are  re¬ 
stricted  only  to  the  extent  that 
they  must  obtain  preference 
ratings  before  they  may  ac¬ 
quire  any  new  supplies. 

Q.  Does  L-183  apply  to  export  sales? 
A.  Yes.  The  terms  of  the  Order 
are  entirely  general  and  ap¬ 
ply  to  all  transfers  regardless 
of  conditions,  destination  or 
purpose. 

Q.  What  is  the  basic  purpose  of  the 
Order? 

A.  The  purpose  of  the  Order  is 
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tONOED  RUttEt 

SHEAR  TYPE 
VIBRATION 
MOUNTINGS 


TO  keep  mechanical  and  electrical  equipment  operating  at  peak 
efficiency  and  also  prolong  its  operating  life  are  factors  of  prime 
importance  in  today's  program  of  high  speed,  precision  produc¬ 
tion.  Lord's  contribution  toward  this  end  is  the  development  of  a 
series  of  Shear  Type  Bonded  Rubber  Mountings,  particularly 
adaptable  to  electronic  equipment. 

Lord  Mountings  are  made  in  two  main  types,  Plate  Form  and 
Tube  Form,  and  in  load  capacities  ranging  from  a  few  ounces  up 
to  1500  pounds.  Due  to  the  Lord  method  of  bonding  rubber  to 
metal,  the  rubber,  when  loaded  on  main  axis,  is  stressed  in  free 
shear.  This  design  for  free  shear  softness  in  the  direction  of  the  dis¬ 
turbing  forces,  results  in  an  exceptional  reduction  in  the  natural 
frequency  of  the  mounted  system.  Where  very  delicate,  sensitive 
equipment  is  to  be  protected,  the  use  of  double  or  series  mountings 
is  recommended,  thereby  doubling  the  axial  softness,  and  increas¬ 
ing  the  lateral  softness.  Lateral  softness  may  be  varied  by  chang¬ 
ing  the  length  of  connection  between  mounting  units.  Double 
mountings  give  ideal  protection  where  disturbing  vibratory  forces 
emanate  from  more  than  one  direction. 

No  intricate  layout,  no  special  tooling  or  close  machining  is 
necessary  to  accommodate  Lord  Mountings.  Properly  installed, 
they  absorb  sudden  shock  and  undue  stresses,  isolate  harmful 
vibration  and  eliminate  noise  translated  through  solid  conduction, 
all  of  which  prolong  equipment  life  and  keep  it  operating  at  maxi¬ 
mum  efficiency.  Regardless  of  size  or  weight  there  is  a  Lord 
Mounting  for  every  electronic  device.  Send  for  Bulletins  103  and 
104  on  Lord  Shear  Type  Mountings,  or  better  still,  call  in  a  Lord 
vibration  engineer  for  consultation  on  your  design  problems. 
There  is  no  obligation. 


PROLONG  EQUIPMENT  LIFE  by  isolating 


vibration,  which  reduces 
metal  fatigue,  thereby  preventing  subsequent  failure. 

INCREASE  PRODUCTION  by  eliminating  the  necessity  for  close  machin¬ 
ing  and  precision  alignment. 

SAVE  VITAL  MATERIAL  by  reducing  equipment  weight;  heavy  inertia 

masses  of  machinery  bases  can  be  eliminated. 

INCREASE  PERSONNEL  EFFICIENCY  by  eliminating  nerve  wearing 

noise  and  vibration,  translated  through  solid  conduction. 


LOWER  MAINTENANCE  COSTS  by 


protecting  equipment  against 
sudden  load  shocks  and  stresses,  thereby  minimizing  repair  and  replacement 
operations. 


ORIGINATORS  OF  SHEAR  TYPE  BONDED  RUBBER  MOUNTINGS 

LORD  MANUFACTURING  COMPANY ...  ERIE 


SPECIALISTS 

IN 

Electronic  Control 


ENGINEERING  SERVICE 

Our  functioij  lu  the  service  of  the 
electronics  indusin>*  is  tuofold. 

1.  Engineering  of  control  circuits 
for  specific  requirements  involving  use 
of  sensitive  relays  of  all  types, 

2.  Manufacturing  of  relays  pre¬ 

cisely  matched  to  exacting  specifica-  I 
tions.  ' 

You  are  urged  to  consult  us  in  detail  [ 
regarding  all  aspects  of  your  electronic  | 
control  problem  directly  or  indirectly  j 
associated  with  the  relav.  i 

j 

NEW  SIGMA  DEVELOPMENTS  ' 

A.C.  Sensitive  Relays  for  use  on  1 
small  A.C.  inputs  from  60  to  2,000  , 
cycles. 

Super-Sensitive  Polarized  Relays 
weighing  slightly  over  6  oz.,  and  op¬ 
erating  on  a  few  microwatts.  j 

Hermetically  Setded,  Plug-In  Re-  | 
lays  for  operation  under  severe  en-  | 
vironmental  conditions. 

•  Aircraft  Service  is  o  norm  for  which  all 
SIGMA  Kelayi  ara  designed. 


SIGMA  INSTRUMENTS,  INC. 

74-78  Fre«port  Street 
BOSTON  MASSACHUSETTS 


twofold:  (1)  To  prevent  the 
consumption  of  new  raw  ma¬ 
terial  and  the  manufacture  of 
non-essential  apparatus;  (2) 
To  distribute  existing  inven¬ 
tories  on  an  equitable  basis. 

Q.  Are  dry  batteries  subject  to  the 
Order? 

A.  No.  The  production  of  dry 
batteries  is  controlled  by  Limi¬ 
tation  Order  L-71. 

Q.  How  may  parts  for  maintenance 
and  repair  be  obtained? 

A.  Maintenance  and  repair  parts 
will  be  available  through  nor¬ 
mal  channels.  Distributors  of 
such  parts  may  obtain  prefer¬ 
ence  ratings  through  the  use 
of  PD-IX,  the  Distributor’s 
Application  for  Preference 
Rating. 

Q.  Are  recording  discs  subject  to  the 
Order? 

A.  Yes.  Recording  discs  are  sub¬ 
ject  to  the  restrictions  of  L-183 
and  may  be  obtained  through 
distributors  who  may  apply 
for  preference  ratings  on 
Form  PD-lX  or  the  consumer 
may  apply  on  Form  PD-1.\ 
for  his  requirements. 


Van  Dyck  Announces  I.  R.  E. 
Officers  for  1943 

At  the  New  York  meeting  of  the 
Institute  of  Radio  Engineers  on  No¬ 
vember  4,  Arthur  F,  Van  Dyck,  Presi¬ 
dent  of  the  I.  R.  E.  for  1942,  announced 
the  formation  of  the  New  York  Sec¬ 
tion.  New’  York  has  always  been  a 
stronghold  for  radio  engineers  and 
meetings  have  been  since  the  inception 
of  the  Institute  in  1912.  With  the  for¬ 
mation  of  the  New  York  Section,  this 
metropolitan  area  assumes  the  same 
position  as  that  of  Institute  sections  in 
other  cities  in  this  country  and  in 
Canada.  Programs  for  the  New  York 
Section  will  be  under  the  direction  of 
a  locally  elected  group  of  officers.  The 
officers  for  the  New  York  Section  for 
1943  were  announced  by  Mr.  Van  Dyck 
as  follows:  President.  H.  M.  Lewis, 
consulting  engineer;  Vice  President, 
Murray  G.  Crosby,  RC.\  Communica¬ 
tions;  Secretary,  Harry  F,  Dart,  West- 
inghouse  Lamp  Division. 

In  addition  to  these  local  officers  for 
the  newly  created  section,  Mr.  Van 
Dyck  also  announced  the  results  of 
the  election  of  national  officers.  Dr. 
L.  P.  Wheeler,  of  the  Federal  Com¬ 
munications  Commission  has  been 
elected  to  the  office  of  President,  with 
F.  S.  Barton,  of  the  British  Air  Com¬ 
mission,  in  Washington,  D.  C.,  as  Vice 
President.  The  directors,  elected  by 
the  membership,  to  begin  their  term  of 
office  on  the  Board  of  Directors  include 
Dr.  W.  L.  Barrow’  of  the  Massachusetts 
Institute  of  Technology,  H.  .4.  Wheeler, 
of  the  Hazeltine  Service  Corporation, 
and  Dr.  F.  B.  Llew’ellyn,  of  the  Bell 
Telephone  Laboratories. 


Army  Specialist  Corps 
and  Officer  Procurement 
System  Consolidated 

After  a  period  of  testing  officer  pro 
curement  through  the  Army  Specialise 
Corps  as  a  civilian  agency  of  the  Wa 
Department,  it  has  been  found  tha 
the  purposes  of  the  Corps  could  not  bt 
accomplished  to  the  best  advantage  it: 
the  midst  of  the  war  because  of  the- 
civilian  status  of  those  appointed  it 
it  to  serve  with  the  Army.  In  the  in 
terest  of  efficiency,  uniformity  of  op 
erations,  discipline,  and  the  avoidanc' 
of  duplication  of  effort,  it  is  not  deeme  i 
advisable  to  have  two  uniformed  ser\ 
ices.  Accordingly,  the  Army  Specialist 
Corps  will  cease  to  function  as  a  sepa¬ 
rate  organization,  and  the  procurr  ■ 
ment  of  specially  qualified  persons  re¬ 
quired  by  the  Army  for  service  in  other 
than  civilian  positions  will  be  accom¬ 
plished  by  Specialist  commissions  in 
the  Army  of  the  United  States. 


F.  R.  Lack  Appointed 
Director  of  Army-Navy 
Electronics  Expediting  Agency 

Frederick  R.  Lack,  vice  president  and 
manager  of  the  radio  division  of  the 
Western  Electric  Co.,  has  been  ap¬ 
pointed  director  of  the  Army-Navj- 
Electronics  Expediting  Agency,  a  newly 
created  post.  He  w’ill  coordinate  and 
supervise  all  Army  and  Navy  joint 
activities  in  production  expediting  of 
communications  and  radio  apparatus 
and  equipment.  Major  General  Roger 
B.  Colton,  chief  of  the  Signal  Supply 
Services,  and  Captain  Jennings  Dow, 
in  charge  of  the  Radio  and  Sound 
Branch  of  the  Bureau  of  Ships,  will 
serve  as  associate  directors. 


A.  M.  Hageiiian  Appointe<l 
General  Engineering  Manager 
of  Westinghouse  Lamp  Works 

Dr.  M.  Hageman  has  been  appointed 
general  engineering  manager  of  the 
Westinghouse  Lamp  Works  at  Bloom¬ 
field,  N.  J.  He  W’ill  be  in  charge  of  all 
development  and  engineering  activities 
inv’olved  in  the  production  of  lamps 
and  electronic  devices.  He  w’as  for¬ 
merly  in  charge  of  lamp  engineering. 


Admiral  Noyes  Rescued 
After  Sinking  of  Aircraft 
Carrier  Wasp 

Rear  .\dmiral  Leigh  Noyes,  former 
director  of  Naval  Communications,  was 
among  those  rescued  w’hen  the  aircraft 
carrier  Wasp  w’as  sunk  by  Japanese 
submarines  off  the  Solomon  Islands  on 
September  15.  Admiral  Noyes  was 
commander  of  the  task  force  at  the 
time  of  the  attack  and  was  using  the 
Wasp  as  his  flagship. 
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in  others,  the  six-hour  minimum  that 
the  Federal  Communications  Commis¬ 
sion  requires. 

(2)  The  average  FM  program  scheil- 
ule  is  73.2  percent  non-duplicated  in 
contrast  with  AM  service  offered  to 
the  same  area.  In  other  words,  73.2 
percent  of  the  program.s  are  planned 
for  FM  and  heard  only  over  FM  sta¬ 
tions.  Percentages  range  from  a  mini¬ 
mum  of  10  percent  to  a  full  100  percent 
non-duplication  over  eight  others. 

(3)  At  least  28  of  the  commercial 
stations  maintain  full  or  partial  staffs, 
aside  from  any  personnel  that  also 
works  for  an  affiliated  AM  outlet. .  Six 
FM  outfits  have  no  connection  with 
any  AM  interests  and  are  operated  as 
independent  ventures. 

(4)  Not  a  single  one  of  all  the  op¬ 
erating  stations  which  returned  the 
questionnaire  reports  any  intention  of 
curtailing  its  operating  schedule. 
Three  admit  maybe  it  might  be  neces¬ 
sary  at  some  later  date  if  no  provision 
could  be  made  to  replace  transmitting 
tubes  when  they  wear  out.  Rather  than 
go  off  the  air  entirely  they’d  prefer  to 
cut  down  on  daily  schedules  and  thus 
prolong  the  life  of  the  tubes. 

(5)  Nine  FM  broadcasters  are  un¬ 
able  to  serve  their  entire  assigned  area. 
Today  they’re  serving  somewhat  less 
than  60  percent  of  the  territory  they 
will  eventually  whenever  full  installa¬ 
tion  of  antennas  and  higher  w'attage 
transmitters  becomes  possible.  Only 
one  of  them  expects  this  to  happen  be¬ 
fore  the  war’s  end;  another  says 
“maybe.” 


WAAC’s  to  Receive 
Radio  Training 

The  first  group  of  WAAC’s  to  replace 
enlisted  men  as  radio  operators  and 
mechanics  in  Army  Air  Forces  Head¬ 
quarters  Companies  will  begin  training 
on  November  30  at  the  Midland  Radio 
and  Television  Schools,  Inc.,  in  Kansas 
City,  Mo.  Additional  groups  will  be 
started  in  training  at  intervals  of  one 
month  until  a  sufficient  number  of 
women  radio  specialists  have  been 
trained. 


Gerartl  Swope  to  Receive 
Hoover  Medal 


Gerard  Swope,  president  of  the  Gen¬ 
eral  Electric  Co.,  has  been  selected  as 
the  sixth  recipient  of  the  Hoover  Medal 
with  the  following  citation: 

“Gerard  Swope,  engineer  and  dis¬ 
tinguished  leader  of  industry,  ever 
deeply  interested  in  the  welfare  of 
his  fellowmen,  w'hose  constructive 
public  service  in  the  field  of  social, 
civic  and  humanitarian  effort  has 
earned  for  him  the  Hoover  Medal 
for  1942.” 

The  medal  will  be  presented  to  Mr. 
Sw’ope  during  the  Winter  Convention 
of  the  American  Institute  of  Electri¬ 
cal  Engineers  during  the  week  of  Janu¬ 
ary  25.  1942.  Previous  recipients  of 
the  Hoover  Medal  were  Herbert 
Hoover,  in  whose  honor  the  medal  was 
named,  .Ambrose  Swasey,  John  Frank 
Stevens,  Gano  Dunn,  and  D.  Robert 
Yarnell.  ' 

Mr.  Swope  was  elected  president  of 
the  General  Electric  Co.  for  the  second 
time  in  September  1942  when  his  suc¬ 
cessor.  Charles  E.  Wilson,  was  named 
vice  chairman  of  the  War  Production 
Board. 


Emby  instrument  and  relay 
RECTIFIERS  are  the  product  of 
years  of  laboratory  research. 
They  are  manufactured  in  eight 
standard  sizes  with  outputs  rang¬ 
ing  from  8  to  120  milliamperes. 

Due  to  special  forming  proc¬ 
esses  the  Emby  instrument  and 
relay  rectifiers  have  been  made 
permanently  stable  and  their  life 
is  unlimited. 

The  unipolar  conductivity  of 
the  selenium-to-metal  junction  is 
utilized  for  rectification  purposes. 

In  addition,  all  Emby  instru¬ 
ment  and  relay  rectifiers  are 
shock-proof  and  perform  satis¬ 
factorily  in  the  temperature 
range  from  — 80°C  to  -f  70°C. 

Convenient  soldering  lugs  are 
provided  on  all  types  thus  elim¬ 
inating  additional  assembly 
parts.  Detailed  data  sheet  mailed 
on  request. 

Emit  protocuctric  cclls  are  of  the 
arlf-tenerating  type  and  are  manufac¬ 
tured  in  ten  standard  sites  and  four 
sensitivity  ranges.  Detailed  bulletin 
mailed  on  request. 


A.  H.  Phelps  New  Westing- 
house  VP 

Andrew  H.  Phfxps  has  been  named 
vice  president  of  Westinghouse  Elec¬ 
tric  &  Mfg.  Co.  Before  joining  West¬ 
inghouse  he  was  affiliated  with 
McGraw-Hill  Co.  as  Sales  Manager 
and  Director  of  Public  Relations.  At 
one  time  he  was  also  connected  with 
U.  S.  Chamber  of  Commerce  having 
charge  of  all  district  offices  and  the 
field  forces.  In  1919  he  served  as 
executive  secretary  of  the  International 
Trade  Conference  at  Washington. 


Radio  ill  Homes  Figures 
Released  hy  Bureau  of  Census 

The  metropolitan  area  of  Boston  leads 
the  country  on  the  coverage  of  radio 
in  the  home  with  receivers  in  97  per¬ 
cent  of  the  homes  according  to  figures 
just  relea.sed  by  the  Bureau  of  the 
Census.  The  figures  for  other  areas 
are  Chicago.  96.2  percent;  Philadelphia, 
96.2  percent;  Los  .Angeles,  95.8  per¬ 
cent;  Pittsburgh,  95.2  percent;  Grand 
Rapids.  Mich.,  96  percent;  Paterson, 
N.  J..  94.8  percent,  and  Sacramento, 
Calif.,  91.8  percent. 


AOUAL  SIZE  SERIES  S  REOIFIERS 


Technical  Valuatiou  Society 
to  Hold  Aiiuual  Forum 

The  annual  forum  of  The  Technical 
Valuation  Society  will  be  held  on  De¬ 
cember  12,  1942,  at  New  York.  The 
morning  session  will  be  devoted  to 
prominent  economists,  appraiser  and 
valuation  engineers  who  will  present 
papers  and  direct  discussion  on  many 
pressing  valuation  problems,  particu¬ 
larly  in  their  relation  to  the  war  effort. 

The  afternoon  session  will  consi-t 
of  committee  meetings  and  the  annual 
business  meeting  of  the  Society. 

Further  information  may  be  ob¬ 
tained  from  W.  C.  Fisher,  Technical 
Valuation  Society,  33  W.  39th  St.,  New 
York,  N.  Y. 


ACTUAl  SIZE  SERIES  I  RECTIFIERS 


FM  Broadcasters  Report 

In  September  this  year,  FM  Broad- 
caster.^,  Inc.,  que.stionnaired  the  FM 
broadcast  stations  on  various  matters 
of  general  interest  to  the  cause.  .A  re¬ 
port  has  now  been  issued;  the  gist  of 
which  follows: 

(1)  The  average  length  of  the  FM 
program  day  is  lOi  hours,  ranging  in 
some  areas  from  24-hour  service  to, 
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NEW  PRODUCTS 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new'  components, 
new'  measuring  equipment;  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new'  items 
will  be  found  here 


Garceau  Velograph 

The  Garceau  Velograph  is  a  direct 
writing  oscillograph  for  use  in  the 
lower  frequency  range.  Applications 
of  this  instrument  include  the  study  of 
vibration  in  airplanes,  analysis  of  pres¬ 
sure  in  rotating  and  reciprocating  ma¬ 
chinery,  seismography,  oscillographic 
analysis  of  welding  and  other  electri¬ 
cal  equipment  operating  on  commercial 
power  line  frequencies,  and,  in  medi¬ 
cine,  electrocardiography  and  electro¬ 
encephalography. 

The  recording  system  utilizes  an 
electrically  sensitive  paper  chart  which 
is  marked  upon  by  a  charged  stylus. 
The  trace  is  produced  in  a  dry  state 
and  is  immediately  visible  and  perma¬ 
nent,  requiring  no  processing  or  de¬ 
veloping.  It  does  not  blur  even  at  high 
speeds.  Since  no  pens  are  used  the 
equipment  is  particularly  adapted  to 
automatic  remote  control  operation. 
The  instrument  will  operate  in  any 
position  and  in  the  presence  of  exces¬ 
sive  acceleration  and  vibration.  The 
charts  can  be  marked  only  by  the 
electric  current  and  therefore  their 
sub.sequent  handling  does  not  produce 
unwanted  scratches. 


Garceau  Velograph 


The  high  speed  forms  of  this  instru¬ 
ment  have  a  maximum  trace  amplitude, 
peak-to-peak,  of  the  order  of  an  inch. 
They  respond  in  substantially  linear 
fashion  to  frequencies  from  zero  to 
the  order  of  100  cps,  with  120  cps  as 
the  present  practical  upper  limit. 
Chart  speeds  for  these  instruments  are 


recommended  in  the  range  from  2.5  cm 
per  second  to  30  cm. 

The  oscillograph  elements  operate  on 
an  electro-magnetic  principle.  There 
are  no  permanent  magnets,  piezoelec¬ 
tric  crystals,  nor  moving  coils.  The 
elements  are  designed  for  ruggedness 
and  are  practically  unbreakable  and 
fool-proof.  The  stylus  arm  is  a  solid 
bar  of  aluminum  i  inch  in  diameter 
which  cannot  be  accidentally  bent  or 
broken.  If  it  is  forcibly  pushed  be¬ 
yond  its  normal  limit  of  travel  a  slip¬ 
ping  clutch  in  the  head  prevents 
destruction  of  the  vibrating  element. 

The  entire  equipment  operates  on  115 
volts  GO  cps  and  requires  annroximately 
125  watts  per  channel.  Power  at  50 
cps  may  be  used  but  requires  change 
in  the  gearing  to  obtain  correct  chart 
speeds.  The  input  impedance  is  ap¬ 
proximately  one  meghom.  This  may  be 
balanced  to  ground.  With  the  usual 
single-stage  d-c  amplifier,  an  input  sig¬ 
nal  of  approximately  30  volts  peak-to- 
peak  is  required  for  full  scale 
deflection.  .\n  additional  built-in  di¬ 
rect-coupled  amplifier  stage  allows 
maximum  deflection  with  an  input  sig¬ 
nal  of  approximately  0.5  volts.  A 
continuously  adjustable  gain  control  is 
sunplied. 

These  instruments  are  supplied  for 
multiple  channel  operation  with  up  to 
20  recording  elements.  The  single 
channel  tape  width  is  1^’  inches  per 
channel  and  a  four  channel  instrument 
uses  a  seven-inch  tape.  Prices  for 
single-speed  Garceau  Velographs  are 
$250  for  the  first  channel  nlus  $225  for 
each  additional  channel.  The  quintup¬ 
let  instrument  illustrated  costs  $1150. 
Chronograph  channels  are  .added  at  $50 
each.  Gear  shifts  permitting  two 
speeds,  are  added  at  $150.  Other  de¬ 
vices  such  as  remote  control  starting, 
automatic  time  stamps,  etc.,  are  pro¬ 
vided  in  special  Installations, 

Electro-Medical  Laboratory,  1505 
Highland  St.,  llolliston.  Mass. 


^  liter  Deleetor  Loek 

.\n  electronic  water  detector  lock 
(type  P15NH)  when  used  in  conjunc¬ 
tion  with  a  unit  called  probe  fitting 
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(type  H31)  will  indicate  water  .seepage 
in  gasoline  storage  tanks.  The  probe 
fitting  unit  is  mounted  in  a  standard 
pipe  fitting  on  the  top  surface  of  the 
tank,  with  the  probe  rcnl  projecting 
down  through  the  tank  to  the  level  at 
which  water  seepage  is  to  be  detected 
(about  three  inches  from  the  bottom 
of  the  tank).  The  water  detector  lock 
is  wired  to  the  probe  fitting  unit  and 
is  located  at  any  point  remote  from  the 
tank.  When  water  seepage  rises  to 
contact  the  probe  tip,  an  electrical  cir¬ 
cuit  is  completed  and  the  water  de¬ 
tector  lock  operates  by  turning  off 
pumping  equipment  and  actuating  an 
alarm  circuit.  The  water  detector  lock 
operates  on  115  or  230  volts,  alternat¬ 
ing  current,  and  will  handle  output 
loads  up  to  10  amps  at  115  volts,  alter¬ 
nating  current.  It  comes  in  a  weather¬ 
proof,  pressed-steel  housing,  although 
an  explosion-proof  housing  is  available, 
if  desired.  Probe  fitting  unit  comes  in 
brass,  stainless  steel,  and  other  metals. 

Photoswitch  Inc.,  21  Chestnut  St., 
Cambridge,  Mass. 


Ward  Leonard  Products 

Three  products  from  Ward  Leonard 
Electric  Co.,  Mount  Vernon,  N.  Y.,  in¬ 
clude  the  following. 

Vitrohm  Strip  Resistors  are  espe¬ 
cially  suited  to  applications  in  aviation, 
radio,  and  installations  where  space 
limitations  and  high  unit  space  watt 
ratings  are  impoitant  requirements. 
These  resistors  employ  a  strong,  flat 
refractory  core  for  the  resistance  wire 
winding.  Terminals  are  mechanically 
banded  and  spot  welded  in  position  on 
the  core;  the  core  and  winding  are  then 
sealed  in  a  f used-on  Vitrohm  enamel. 


Vitrohm  Strip  Resistors 


Each  unit  is  fitte«l  with  a  self-sustained 
mounting  bracket  and  spacer.  These 
spacers  and  end  brackets  are  riveted  to 
metal  strips  that  extend  through  the 
core  providing  additional  heat  radiat¬ 
ing  facilities.  Several  sizes  of  Vitrohm 
strip  resistors  are  available,  ranging 
from  li  to  6  inches  in  length  with  rat¬ 
ings  of  30  to  75  watts.  Bulletin  23, 
available  on  request,  gives  dimensions, 
ratings,  ohmic  values,  and  other  in¬ 
formation. 

Bulletin  69  Pressed  Steel  Rheostats 
meet  the  need  for  a  small,  sturdy, 
power  rheostat  having  a  large  number 
of  steps  and  ample  current  carrying 
capacity.  These  rheostats  are  4  inches 
in  diameter  with  as  many  as  43  steps 


^  (IN'RES'COj 

INSTRUMENT 
RESISTORS  COMPANY 


25  AMITY  ST  ,  LITTLE  FALLS,  N.  J 


type  of  full-wave,  high-vacuum  recti¬ 
fier;  6AG5  is  a  heater-cathode  type  of 
r-f  pentode  with  a  sharp  cut-off  char¬ 
acteristic  and  a  high  value  of  trans¬ 
conductance;  6J6  is  a  miniature  twin 
triode  having  two  grids  and  two  plates 
with  a  common  cathode  indirectly 
heated;  the  934  is  a  small  high-vacuum 
phototube  intended  primarily  for  use 
in  sound  and  facsimile  equipment  but 
it  is  also  suitable  for  light-operated 
relays  and  light-measuring  equipment; 
the  935  is  a  high-vacuum  phototube 
possessing  extraordinarily  high  sensi¬ 
tivity  to  radiant  energy  rich  in  blue 
and  near  ultraviolet  and  will  respond 
in  the  region  down  to  about  2000 
Angstrom  units. 

Literature  describing  these  tube 
types  more  thoroughly  is  available 
from  the  manufacturer,  RCA  Mfg.  Co., 
Harrison,  N.  J. 


Pressed  Steel  Rheostats 


Production  men  will  tell 
you  that  these  compact  units 
meet  the  current  widespread 
demand  for  greater  adapta¬ 
bility  without  sacrificing  elec¬ 
trical  characteristics.  P  r  o  - 
duced  by  specialists  in  the 
wire  wound  resistor  field, 
IN-RES-CO  products  include 
fixed  and  variable  resistors, 
meter  shunts,  choke  coils, 
solenoids,  etc. 

If  a  special  resistor  is  re¬ 
quired  to  meet  a  critical  ap¬ 
plication,  IN-RES-CO  engi- 
n  e  e  r  s  will  collaborate  in 
solving  the  problem.  Write 
today  for  illustrated  litera¬ 
ture. 


of  control  and  are  rated  for  100  watts. 
Spacings  through  air  and  creepage  dis¬ 
tances  between  parts  of  opposite  polar¬ 
ity  and  between  current  carrying  and 
grounded  parts  meet  the  requirements 
of  AIEE,  NEMA  and  the  Under¬ 
writers’  Laboratories  for  300  volt  serv¬ 
ice.  In  addition  to  these  characteris¬ 
tics,  Bulletin  69  Rheostats  feature  bal¬ 
anced  contact  arm,  “dead”  shaft  con¬ 
struction,  copper  graphite  contact 
shoes  and  front .  or  back-of-board 
mounting  in  single  and  multiple  as¬ 
semblies. 


Cut'ofif  Blade 


This  new  diamond  abrasive  cut-off 
blade,  designated  Di-Met  Rimlock,  is 
particularly  efficient  in  cutting  all 
hard,  brittle  non-metallic  materials, 
such  as  quartz,  glass  porcelain,  tile, 
ceramics,  clay  products,  etc.  This 
blade  utilizes  a  special  bonding  process 
which  rigidly  locks  the  diamonds  in 
the  rim  of  the  wheel  without  crushing. 
Two  Rimlock  types  are  available.  The 
first  is  a  hard  steel  bond  that  makes 
an  exceptionally  stiff  and  fast  cutting 
blade,  and  the  second  is  a  copper  bond 
which,  though  not  quite  so  fast  or 
stiff  as  the  steel,  operates  with  a  softer 
action  and  with  some  increase  in  life. 

Felker  Mfg.  Co.,  Torrance,  Cal. 


TYPE  WL,  I  watt,  standard  toUr- 
ance  1%,  maximum  resistance: 
50,000  ohms,  siie  3/16"  x  I" 
long.  Mounting  by  terminals, 
strap  type,  .015"  thick  by  1/16" 
wide  tinned  copper.  Special  ter¬ 
minals  can  be  supplied  at  any 
angle  desired. 


^  Recording  Disc  Shipping 

«  j  .  u  .  I  o  T>  I  Container 

Midget  Metal  Base  Relays 

“PacKarton”  is  the  name  of  a  new 
Bulletin  104  Relays  are  small  com-  light-weight,  corrugated  container 

pact  remote  control  units  adapted  to  which  is  designed  to  safeguard  the 

applications  within  their  ratings  where  shipment  of  delicate  glass  base  records 
space  is  limited.  These  relays  are  via  air,  railway  or  truck.  The  con- 
available  for  operation  on  alternating 
and  direct  current  circuits.  Standard 

relays  are  of  the  open  type,  front  con-  ! 

nected  solder  type  terminals,  double  iiwmMtwii 

pole,  double  throw,  silver-to-silver  con-  ^  IMP 

^  KCCC  f  IKMi  MCAT 

tacts.  Contacts  are  rated:  4  amps  up  ^  ' 

to  24  volts  alternating  or  direct  current  i 

and  4  amps  alternating  current;  1  am-  — 

pere  direct  current  from  25  to  115  "«*. 

volts.  These  relays  are  vibration  re- 
sistant  up  to  ten  times  gravity  in  the 
energized  position.  The  overall  height  . 
from  base  to  armature  is  li  inches.  WBr 


New  Tube  Types 

The  following  tube  types  for  use 
in  connection  with  WPB  rated  orders 
are  available  to  equipment  manufac¬ 
turers.  Type  1C21  is  a  cold-cathode, 
glow-discharge  triode  designed  for  use 
primarily  as  a  relay  tube;  2 API  is  a 
high-vacuum,  cathode-ray  tube  similar 
to  type  902  except  that  it  has  separate 
leads  to  all  deflating  electrodes  and  the 
cathode;  5R4-GY  is  a  coated-filament 


Shipping  Container 


struction  of  the  container  utilizes  a  sus¬ 
pension-cushioning  principle  whereby 
the  records  are  kept  in  position  between 
protective  coverings.  The  container  is 
easy  to  handle,  is  dustproof  and  needs 
no  excelsior  for  packing. 

Gould-Moody  Co.,  395  Broadway, 
New  York,  N.  Y. 
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We  need  a  man 
Who  can  Read  and  Write 


QUALIFICATIONS: 

He  can  read  with  intelligence,  understanding  and  sympathy, 
this  and  every  issue  of  ELECTRONICS;  he  has  an  interest  in 
both  the  highly  technical  and  the  severely  practical  sides  of 
electronic  engineering;  he  has  a  feeling  for  our  objectives  in 
publishing  quickly  and  accurately  material  on  all  phases  of 
design,  production  and  use  of  radio,  communication  and  indus¬ 
trial  applications  of  electron  tubes. 

He  can  write  as  he  would  like  to  be  written  to  as  a  reader 
of  ELECTRONICS  —  informatively  and  with  a  feeling  for  the 
current  (and  future)  needs  of  our  18,000  subscribers  on  sub¬ 
jects  both  theoretical  and  practical;  subscribers  for  whom  we 
musr  expand  our  editorial  department  as  a  service  to  the  rapid 
expansion  in  this  industry. 

Such  a  man  will  realize  that  the  publishing  business  can  afford  an  unusual  stability 
through  the  readjustment  period  to  come;  that  a  job  with  ELECTRONICS  offers 
him  an  opportunity  to  serve  in  a  broad  capacity  in  the  present  emergency;  to  make 
a  name  for  himself  in  his  chosen  field;  to  work  for  a  fine  company  as  one  of  the 
editors  of  ELECTRONICS.  Are  you  built  along  these  lines  If  so  — 


PLEASE  WRITE  TO 

Keith  Henney,  Editor 

ELECTRONICS 

330  W.  42nd  St.,  New  York,  N..Y. 
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Stratosphere  Chamber 

This  unit  tests  mechanical  parts  of 
aircraft  and  radio  which  are  to  be  used 
in  high  altitude  work.  The  chamber 
operates  between  the  temperatures  of 
plus  200  deg.  F  and  minus  75  deg.  F 
with  an  internal  pressure  variation 
from  ambient  at  the  location  of  the 
unit  to  3  inches  of  mercury  absolute. 
Both  the  pressure  and  temperature 
variations  are  controllable  throughout 
their  ranges.  Humidity  control  is  from 
25  percent  to  95  percent,  relative  to 
all  temperatures  above  plus  40  deg.  F, 
or  at  a  fixed  bottom  temperature  of 
plus  32  deg.  F.  Below  this  level,  abso¬ 
lute  humidity  will  correspond  to  the 
air  saturation  at  the  coil  temperature, 
which  will  average  15  deg.  to  20  deg. 
lower  than  the  chamber  temperature. 


Automatic  Precision  Timers  for 
War-time  Speed  and  Accuracy 

The  application  of  Industrial  Electrical  Timers  to  speed-up  production, 
decrease  operating  costs,  eliminate  waste  and  safeguard  life  is  ihe  accepted 
method  of  modern  science,  business  and  industry.  Precision  time  instru¬ 
ments  of  the  INDUSTRIAL  TIMER  CORPORATION  are  built  to  meet 
the  most  exacting  requirements  of  war-time  production.  Right  now  they 
are  in  use  in  some  of  the  nation’s  largest  plants.  Write  today  for  complete- 
descriptive  bulletins. 

N«w  Tandem  Timer  (shown  above)  for  laboratory,  production  and  life  testing. 


Automatic  Reset  Timer 


Time  Totalizer 


Time  Delay 


Heating  equipment  for  higher  tempera¬ 
tures  is  composed  of  strip  heaters  so 
arranged  that  the  forced  convection 
circulates  air  during  the  heat  cycle. 

Three  indicating  recorders  are  pro¬ 
vided  for  continuous  recording  of  tem¬ 
perature,  pressure  and  humidity. 
Twelve  mechanical  connector  shafts 
through  the  outei  shell  of  the  chamber 
project  inside  the  liner,  permitting 
the  attachment  of  either  a  flexible 
shaft,  an  angular  rigid  shaft,  or  a  small 
belt  drive  to  any  mechanical  part  that 
may  be  mounted  in  test  position  in 
the  chamber.  Eighteen  electrical  con¬ 
nections  are  provided.  A  separate  ma¬ 
chine  compartment  is  located  back  of 
the  unit,  but  may  be  placed  adjacent 
to  the  end. 

Kold-Hold  Mfg.  Co.,  Lansing,  .Mich. 
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i|  MATCHLESS 

IN  QUALITY 


Large  size  or  small,  the  QUALITY? 
of  Ferranti  Transformers  —  qual¬ 
ity  proved  beyond  all  argument  * 
—  never  varies  in  its  high  stand¬ 
ard.  Today,  expanded  facilities 
enable  us  to  produce  standard^ 
and  special  transformer  equip- ^ 
ment  and  instruments  of  superb  "|| 
QUALIl'Y  —  at  quantity-produc-  is 
tion  prices.  Subcontracts  solicited.  ^ 


Rubber  Subsliliite  .Material 
fur  Strippings 

.4  SUBSTITUTE  FOR  CRITICAL  materials 
formerly  used  in  gaskets  and  strips  is 
a  new  strip  material  called  Fel-Pro 
Thiokol.  This  new  strip  material  is 
produced  by  the  application  (by  spe¬ 
cial  methods)  of  Thiokol  to  a  specially 
processed  felt  base.  The  result  is  a 
spongy  rubber  cushioning  effect.  The 
material  is  weather  resistant  and  is 
available,  in  quantity,  in  lengths  over 
six  feet.  It  may  be  used  in  any  appli¬ 
cations  which  requires  a  spongy  type 
rubber  strip. 

Felt  Products  Mfg.  Co.,  1530  Carroll 
.Ave..  Chicago,  Ill. 


RUSH  DELIVERIES 
MODERATE  PRICES 
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SAllY- 

*  IS  UP  YOUR  AllIYl 


WASHINGTON,  and  other  large  city 
newspapers  were  used  for  the  advertise¬ 
ment  shown  opposite,  because  government  and 
public  need  to  understand  the  asset  which  America  * 
has  in  its  trained  industrial  staffs. 

Read  what  we  said  about  ’^methods  manage¬ 
ment”  in  the  advertisement,  then  ask  yourself  the 
secret  of  American  genius  for  production  econo¬ 
mies  in  men,  materials  and  time. 

One  big  advantage  we  have  in  this  country 
is  the  interchange  of  know-how  between  industries. 

If  an  instrument  maker  reduces  a  fourth-class 
hand  motion  to  third-class,  all  other  managers  of 
small  part  assembly  can,  and  do,  find  out  how  it 
was  done. 

By  means  of  the  articles  and  advertisements 
in  FACTORY,*  a  plant  operations  magazine, 
tens  of  thousands  of  plant  operating  men  keep 
abreast  of  each  new  development  in  equipment 
and  technique. 

The  magazines  of  the  McGraw-Hill  Network 
of  Industrial  Communication  exist  solely  for  swap¬ 
ping  ideas.  They  are  backed  by  the  editors  and 
engineer-correspondents,  who  gather  information 


wherever  it  is  developed,  and  funnel  it  out  to  the 
fields  where  it  is  needed. 

So  valuable  is  this  interchange  of  technical 
information  that  many  companies  are  surveying 
their  organizations  to  make  sure  that  the  supply 
of  Industrial  Magazines  is  adequate. 

If  you  would  like  suggestions  as  to  how  to 
conduct  such  a  survey,  just  write  to  Reading 
Counselor  Department,  McGraw-Hill  Publishing 
Company,  Inc.,  330  W  est  42nd  Street,  New  York. 

★  ★  ★ 

THE  McGRAW-HILL  NETWORK 

23  publications,  which  gather  '’war-news”  from  the 
"war-production-front”  through  a  staflF  of  153  editors 
and  725  engineer-correspondents . . .  More  than  1,500,000 
executives,  designers,  production  men  and  distributors 
use  the  editorial  and  advertising  pages  of  these  maga¬ 
zines  to  exchange  ideas  on  war-production  problems. 

THE  McGRAW-HILL  BOOKS 

Publishers  of  technical,  engineering  and  business  books 
for  colleges,  schools,  and  for  business  and  industrial  use. 

McGRAW-HILL  PUBLISHING  COMPANY,  Inc. 

330  WEST  42nd  STREET  •  NEW  YORK 


THE  McGRAW  -HILL  NETW  ORK  OF  INDUSTRIAL  COMMUNIC  ATION : 


*  Factory  Management  &  Maintenance-5//o»5  non  to  ma.\age  .ue\  Ayo  machi.\es  to  save  time  asd  materials 


American  \Iachinist 
Aviation 

Bus  Transportation 
Business  Week 
Chemical&  Metallurgical 
Engineering 


Coal  .A,ge 

Construction  Methods 
Electrical  Contracting 
Electrical  Merchandising 
Electrical  W  est 
b.lectrical  W  orld 


Electronics 

Engineering  &  Mining  Journal 
E.  &  M.  J.  Metal  and  Mineral  Markets 
Engineering  News-Record 
Food  Industries 


Mill  Supplies 
Power 

Product  Engineering 
Textile  World 
Transit  Journal 
Wholesaler’s  Salesman 


ALSO  AFFILIATED  WITH  BUSINF^SS  PUBLISHERS  INTERNATIONAL  CORPORATION,  PUBLISHERS  OF  BUSINESS  AND 

TECH.NICAL  MAGAZINES  FOR  OVERSEAS  CIRCULATIO.N 
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Stratosphere  Chamber 


Ihis  unit  tests  mechanical  parts  of 
iircraft  and  radio  which  are  to  be  used 
in  high  altitude  work.  The  chamber 
operates  between  the  temperatures  of 
plus  200  deg.  F  and  minus  75  deg.  F 
with  an  internal  pre.ssure  variation 
From  ambient  at  the  location  of  the 
unit  to  3  inches  of  mercury  absolute. 
Both  the  pressure  and  temperature 
variations  are  controllable  throughout 
their  ranges.  Humidity  control  is  from 
25  percent  to  95  percent,  relative  to 
all  temperatures  above  plus  40  deg.  F, 
or  at  a  fixed  bottom  temperature  of 
plus  32  deg.  F.  Below  this  level,  abso¬ 
lute  humidity  will  correspond  to  the 
air  saturation  at  the  coil  temperature, 
which  will  average  15  deg.  to  20  deg. 
lower  than  the  chamber  temperature. 


Heating  equipment  for  higher  tempera¬ 
tures  is  composed  of  strip  heaters  so 
arranged  that  the  forced  convection 
circulates  air  during  the  heat  cycle. 

Three  indicating  recorders  are  pro¬ 
vided  for  continuous  recording  of  tem¬ 
perature,  pressure  and  humidity. 
Twelve  mechanical  connector  shafts 
through  the  outer  shell  of  the  chamber 
project  inside  the  liner,  permitting 
the  attachment  of  either  a  flexible 
shaft,  an  angular  rigid  shaft,  or  a  small 
belt  drive  to  any  mechanical  part  that 
may  be  mounted  in  test  position  in 
the  chamber.  Eighteen  electrical  con¬ 
nections  are  provided.  A  separate  ma¬ 
chine  compartment  is  located  back  of 
the  unit,  but  may  be  placed  adjacent 
to  the  end. 

Kold-Hold  Mfg.  Co.,  Lansing,  .Mich. 


^  li  watchless  ^ 

Il^NL  in  quality 


Large  size  or  small,  the  QUALITIES'  ? 
of  Ferranti  Transformers  —  quah 
ity  proved  beyond  all  argument,"  ‘j 
—  never  varies  in  its  high  stand-  ^ 
ard.  Today,  expanded  facilities-  ^  i 
enable  us  to  produce  standard 
and  special  transformer  equip- 
ment  and  instruments  of  superb 
QUALITY  — •  at  quantity-produc- 
tion  prices.  Subcontracts  solicited, 

RUSH  DELIVERIES  S 
MODERATE  PRICES 


Riihhur  8iih8titiite  Material 
f<»r  Strippings 

K  SUBSTITUTE  FOR  CRITICAL  materials 
formerly  used  in  gaskets  and  strips  is 
a  new  strip  material  called  Fel-Pro 
Thiokol.  This  new  strip  material  is 
produced  by  the  application  (by  spe¬ 
cial  methods)  of  Thiokol  to  a  specially 
processed  felt  base.  The  result  is  a 
spongy  rubber  cushioning  effect.  The 
material  is  weather  resistant  and  is 
available,  in  quantity,  in  lengths  over 
six  feet.  It  may  be  used  in  any  appli¬ 
cations  which  requires  a  spongy  type 
rubber  strip. 

F’elt  Products  Mfg.  Co.,  1530  Carroll 
-Ave.,  Chicago,  111. 
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Automatic  Precision  Timers  for 
War-time  Speed  and  Accuracy 

The  application  of  Industrial  Electrical  Timers  to  speed-up  production, 
decrease  operating  costs,  eliminate  waste  and  safeguard  life  is  the  accepted 
method  of  modern  science,  business  and  industry.  Precision  time  instru¬ 
ments  of  the  INDUSTRIAL  TIMER  CORPORATION  are  built  to  meet 
the  most  exacting  requirements  of  war-time  production.  Right  now  they 
are  in  use  in  some  of  the  nation’s  largest  plants.  Write  today  for  complete- 
descriptive  bulletins. 

N*w  Tandem  Timer  (shown  above)  for  laboratory,  production  and  life  testing. 


INDUSTRIAL  TIMER  CORPORATION 

1  15  EDISON  PLACE  •  N  E  WA  R  K ,  N  E  W  J  ER  S  E  Y 


SAllY- 

IS  UP  YOUR  AllEY! 


WASHINGTON,  and  other  large  city 
newspapers  were  used  for  the  advertise¬ 
ment  shown  opposite,  because  government  and 
public  need  to  understand  the  asset  which  America  * 
has  in  its  trained  industrial  staffs. 

Read  what  we  said  about  ^’methods  manage¬ 
ment”  in  the  advertisement,  then  ask  yourself  the 
secret  of  American  genius  for  production  econo¬ 
mies  in  men,  materials  and  time. 

One  big  advantage  we  have  in  this  country 
is  the  interchange  of  know-how  between  industries. 

If  an  instrument  maker  reduces  a  fourth-class 
hand  motion  to  third-class,  all  other  managers  of 
small  part  assembly  can,  and  do,  find  out  how  it 
was  done. 

By  means  of  the  articles  and  advertisements 
in  FACTORY,*  a  plant  operations  magazine, 
tens  of  thousands  of  plant  operating  men  keep 
abreast  of  each  new  development  in  equipment 
and  technique. 

The  magazines  of  the  McGraw-Hill  Network 
of  Industrial  Communication  exist  solely  for  swap¬ 
ping  ideas.  They  are  backed  by  the  editors  and 
engineer-correspondents,  who  gather  information 


wherever  it  is  developed,  and  funnel  it  out  to  the 
fields  where  it  is  needed. 

So  valuable  is  this  interchange  of  technical 
information  that  many  companies  are  surveying 
their  organizations  to  make  sure  that  the  supply 
of  Industrial  Magazines  is  adequate. 

If  you  would  like  suggestions  as  to  how  to 
conduct  such  a  survey,  just  write  to  Reading 
Counselor  Department,  McGraw-Hill  Publishing 
Company,  Inc.,  330  West  42nd  Street,  New  York. 

★  ★  ★ 

THE  McGRAW-HILL  NETWORK 

23  publications,  which  gather  ’’war-news”  from  the 
’’war-production-front”  through  a  staflf  of  153  editors 
and  725  engineer-correspondents  . . .  More  than  1,500,000 
executives,  designers,  production  men  and  distributors 
use  the  editorial  and  advertising  pages  of  these  maga¬ 
zines  to  exchange  ideas  on  war-production  problems. 

THE  McGRAW-HILL  BOOKS 

Publishers  of  technical,  engineering  and  business  books 
for  colleges,  schools,  and  for  business  and  industrial  use. 

McGRAW-HILL  PUBLISHING  COMPANY,  Inc. 

330  WEST  42nd  STREET  •  NEW  YORK 


THE  McGRAW-HILL  NETWORK  OF  INDUSTRIAL  COMMUNICATION: 

*  Factory  Management  &  Maintenance-.s7/o»»5  non  to  .\tA.\AGE  a\d  .\tACHi.\ES  TO  sate  time  a.\d  materials 


American  Machinist 
Aviation 

Bus  Transportation 
Business  Week 
Chemical&  Metallurgical 
Engineering 


Coal  Age 

Construction  Methods 
Electrical  Contracting 
Electrical  Merchandising 
Electrical  West 
Electrical  World 


Electronics 

Engineering  &  Mining  Journal 
E.  &  M.  J.  Metal  and  Mineral  Markets 
Engineering  News-Record 
Food  Industries 


Mill  Supplies 
Power 

Product  Engineering 
Textile  World 
Transit  Journal 
Wholesaler’s  Salesman 


ALSU  AFFILIATED  WITH  Bl’SINESS  PUBLISHERS  INTERNATIONAL  CORPORATION,  PUBLISHERS  OF  BUSINESS  AND 

TECHNICAL  MAGAZINES  FOR  OVERSEAS  CIRCULATION 


RECORDING  BLANKS 


Miniature  Tube  Socket 

A  MINIATURE  TUBE  SOCKET,  designated 
as  No.  267  (Navy  type  designation 
CEJ-49401)  is  a  new  addition  to  the 
line  of  “Viking”  products  of  the  manu¬ 
facturer.  The  socket  utilizes  govern¬ 
ment  grade  G  steatite  insulation  which 
consists  of  glazed  top  and  sides,  with 
the  bottom  wax  impregnated.  The 
socket  is  designed  for  use  with  the 
9000  series  and  miniature  series  tubes 
including  RCA  1S4,  1S5,  1T4,  1R5, 


Diamond  Saws 

“Vreco”  diamond  saws  are  designed 
for  use  in  speeding  up  production  and 
in  cutting  manufacturing  costs  in  the 
production  of  piezo  quartz  crystals  for 
Army  and  Navy  radio  communication 
systems.  The  machine  utilizes  a  spe¬ 
cial  rolling-in  process  which  eliminates 
hammering  and  makes  a  perfect  flange 
or  bead.  Other  features  of  the  machine 
include  a  more  uniform  spacing  and 
depth  of  nicks;  and  a  more  even  dis¬ 
tribution  of  the  diamond.  Immediate 
deliveries  are  subject  to  priority.  Sizes 
available  are  6,  8,  10,  12,  14  and  16 
inch. 

Vreeland  Lapidai'y  Mfg.  Co.,  2020 
S.  W.  Jefferson  St.,  Portland,  Ore. 


Plioiie-Swileli 

TyPe  sw-141  phone-switch  is  a  con¬ 
necting  link  between  air  and  ground 
communications.  It  is  a  double  circuit 
microphone  switch  designed  for  use  by 
an  operator  wearing  heavy  mittens,  and 
is  so  constructed  as  to  permit  easy  on 
and  off  switching.  It  remains  in  open 
position  normally  and  can  be  locked 
into  closed  position.  High  impact 
strength  Tenite  11  is  used  in  its  con¬ 


etc.  Contacts  are  phosphor  bronze, 
heavily  silver  plated,  and  are  self- 
alig^ning  so  that  they  receive  the  tube 
prongs  without  danger  of  fracturing 
the  glass  base  of  the  tube.  Other  fea¬ 
tures  include  orientation  of  contacts  for 
minimum  capacity  effect  and  a  center 
shield  for  grounding  to  chassis.  Folder 
D  and  general  products  catalog  967D 
give  additional  information  as  well  as 
prices  and  delivery  on  this  item. 

E.  F.  Johnson  C!o.,  Waseca,  Minn. 


^  Choics:  Medium  weight  or  flexibk  glass. 

^  Both  with  two  or  four  holes. 

^  All  glass  ...  no  fibre  or  foreign  material 
inserts  to  warp  or  fall  out. 

^  No  metal  gromets  to  “wow";  holes  precision 
machined  in  glass. 

^  Priced  at  less  than  other  fine  brands;  imme¬ 
diate  delivery. _ \ 


Solder  Pots 

Small  capacity  .solder  pots  are  avail¬ 
able  for  continuous  operation  in  radio, 
motor  and  similar  electrical  equipment 
plants  where  individual  soldering  melt¬ 
ing  pots  are  desired  for  each  operator 
or  for  small  repair  and  homecraft 
shops.  The  pots  are  sturdily  con¬ 
structed,  consisting  of  a  cast  iron  pot 
which  is  mounted  by  a  single  screw 


struction.  The  instrument  is  heavily 
nickel  plated;  and  uses  Bakelite  insula¬ 
tion.  The  switch  is  mounted  on  sturdy 
brass  brackets,  with  blades  made  of  a 
phosphor  bronze  material.  Cordage 
clamps  for  taking  up  cable  strain  are 
provided  as  an  integral  part  of  the 
housing.  The  device  measures  4J5 
inches  in  length,  3  inches  in  thickness, 
and  12  inches  in  width. 

American  Radio  Hardware  Co.,  476 
Broadway,  New  York,  N.  Y. 


Giiiiinied  Labels 


A  NEW'  GUM.MING  which  is  called  “stick- 
to-metal”  is  available  for  either  paper 
or  linen  fabric  stickers  to  be  used  on 
tools,  machines,  etc.  The  stickers  may 
be  used  to  carry  inspection  data,  in¬ 
structions,  or  warnings.  Samples  of 
“stick-to-metal”  gumming  on  either 
paper  or  linen  fabric  for  test  purposes 
are  available  from  the  manufacturer, 
as  well  as  a  free  booklet  entitled  “War 
Production  Labels.” 

Ever  Ready  Label  Corp.,  141  East 
25th  St.,  New  York,  N.  Y. 


onto  a  plated  steel  stand.  The  pot  is 
heated  by  a  single  heat,  porcelain 
nickel-chrome  heating  element  which 
can  be  quickly  and  inexpensively  re¬ 
placed  when  necessary.  These  pots  are 
available  in  two  capacities.  The  first  is 
Model  No.  200  with  a  12  lb  capacity, 
and  the  other  is  Model  No.  250  which 
has  a  2  lb  capacity. 

Lectrohm,  Inc.,  5125  West  25th  St., 
Cicero,  Ill. 


TURN  IN  YOUR  SCRAP  •  UNCLE  SAM  NEEDS  IT 
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NEWAUK  •  PEI  AWARE 


Established  1895  .  .  Manufacturers  of  Laminated  Plastics  since  1911 


materials,  not  with  substitutes,  but  with  materials 
designed  to  do  a  better  job  for  you. 

Getting  the  right  NON-metallic  material  need  not 
involve  tedious  delays  for  research  and  experiment. 
The  CONTINENTAL-DIAMOND  Laboratory  has  been 
doing  experimental  work  of  this  nature  for  more  than 
27  years.  Its  files  contain  records  of  hundreds  of 
difficult  material  problems  solved.  C-D  is  not  limited 
to  working  with  one  or  two  NON-metallics,  but  manu¬ 
factures  FIVE  distinctly  different  materials.  One  of  these 
may  be  the  answer  to  your  "What  Material?"  problem. 

Avoid  substitute  materials  ...  so  you  won’t  have  to 
go  back  to  the  kitchen-tub  bath.  .  .  .  Write  us  today 
about  your  problems.  .  .  .  Send  for  Booklet  GF-13. 


BETTERMENT  .  . 


Has  there  been  a  substitution  for  the  "Good  Old  Days” 
Saturday  night  lavation? 

No,  the  modern  shower  is  a  BETTERMENT! 

Romantic  as  we  may  be,  few,  if  any  of  us,  would 
want  to  go  back  to  the  old  tub  bath  in  the  stove-heated 
kitchen  (often  the  only  heated  room  in  the  house). 

Neither  will  many  of  you  designers  and  engineers 
want  to  go  back  to  commonly  used  materials  .  .  .  now 
practically  impossible  to  get .  . .  once  you  replace  these 


ELECTROMCS 
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The  for  Latest 

Stratosphere  Data 


For  testing  aircraft  instruments 
and  parts  under  conditions 
duplicating  those  found  at 
higher  altitudes  make  KOLD- 
H  O  L  D  your  “General  Head¬ 
quarters'*  for  stratosphere  in¬ 
formation.  The  KOLD-HOLD 
Stratosphere  shown  here,  re¬ 
produces  actual  flying  tempera¬ 
tures  and  pressures  at  will  .  .  . 
controlled  accurately  when  and 
where  you  need  them. 

In  addition,  visibility  is  al¬ 
ways  excellent  .  .  .  you  can 
SEE  the  performance  of  instru¬ 
ments  and  devices  with  moving 
parts  through  the  large  Ther¬ 
mopane  glass  panel.  Where  re¬ 
quirements  demand,  strobo¬ 
scopic  beams  may  be  directed 
through  the  panel  to  slow 
down  the  action  and  provide 
lubricant  viscosity  tests  at  the 
same  time  for  charting  and 
recording. 

KOLD  -  hold’s  engineering 
service  is  ready  to  cooperate 
.  .  .  send  your  requirements 
for  complete  recommendations. 

NEW  YORK — 1819  Broadway — Circle  63093 
CHICAGO  —  201  N.  Well^  —  Randolph  3986 
LOS  ANGELES— 1015  W.  Second — Mich.  4989 


KOLD-HOLD  MANUFACTURING  CO. 

446  N  Grand  Ave.,  LANSING,  MICH.,  U.S.A. 


Terminal  Blocks 

These  blocks  are  designed  with  ample 
clearance  and  leakage  distances  for  use 
in  circuits  up  to  750  volts,  and  are 
conservatively  rated  at  30  amps.  The 
dielectric  strength  at  60  cps  (50  per¬ 
cent  relative  humidity)  is  approxi¬ 
mately  373  volts  per  mil.  All  blocks  are 
tested  at  the  factory  at  2500  volts  to 
ground.  The  molded  sectional  design 
of  the  blocks  makes  it  possible  to  have 
terminal  blocks  from  one  to  fifty  ter¬ 
minals,  eliminating  waste  space  and 
saving  time  in  mounting.  The  blocks 
are  equipped  with  white  marker  strips, 
washer  head  terminal  screws  and  large 
section  terminal  strips  held  firmly  in 


place.  Steel  mounting  brackets  are 
provided  with  slotted  mounting  holes  A 
inch  long  to  accommodate  a  No.  10 
screw,  facilitating  easy  mounting. 

To  make  ordering  easier  these  blocks 
are  available  in  sets  of  unassembled 
parts.  The  parts  come  in  kits.  The 
CDM-100  kit  contains  50  center  bar¬ 
riers  and  terjninals,  while  the  CDM- 
101  Kit  contains  five  sets  of  end  bar¬ 
riers,  mounting  brackets,  marking 
strip,  threaded  through  rod  and  other 
necessary  hardware.  These  kits  come 
in  handy  for  use  where  terminal  block 
requirements  are  varied. 

Curtis  Development  &  Mfg.  Co.,  1 
North  Crawford  Ave.,  Chicago,  Ill. 


Forge  Welder 

“Temp-A-Trol”  is  the  name  of  a 
forge  welder  which  makes  possible 
combined  automatic  spot  welding  and 
heat-treating  of  alloy  steels  and  heavy 
sections.  It  permits  the  employment  of 
relatively  unskilled  labor  for  spot 
welding  operations.  In  operation,  the 
weld  itself  automatically  controls  the 
functioning  of  the  machine.  It  isn’t 
necessary  to  change  the  machine  con¬ 
trols  since  welds  of  exactly  equal  qual¬ 
ity  can  be  produced  consecutively  in 
J  to  i  inch  material,  A  to  i  inch,  in 
i  to  i  inch,  or  in  three  sections  of  \ 
inch  material  at  the  same  time.  The 
welder  can  be  used  to  automatically 
heat-treat  the  weld  in  the  same  opera¬ 
tion.  This  post-heat  refines  the  grain 
size  of  the  weld  and  eliminates  coarse 
and  brittle  grain  structures.  In  set¬ 
ting  the  control  of  the  welder  it  is 
necessary  only  to  determine  the  tem¬ 
peratures  which  will  produce  the  best 
weld  and  heat-treat  characteristics  in 


DEFENSE  REQUIREMENTS  j 

ELECTRICAL  I 

COIL  WINDINGS 

&  TRANSFORMERS 

Designed  to  meet  specific  require¬ 
ments  or  to  your  specification.  j 

COIL  WINDINGS  j 

ELECTROMAGNETS  I 

SOLENOIDS 

COIL  ASSEMBLIES  I 


PAPER  INTER-LAYER  SECTION 
BOBBIN  WOUND 
FORM  WOUND 


Equipped  for  vacuum  and  pres¬ 
sure  impregnatiou  —  varnish  or 
compound. 


An  experienced  organiaation  at 
your  tervica  prepared  to  assist  in 
design  or  cooperate  on  problems. 

DINION  COIL  COMPANY  I 

P.O.  lOX  D  CALEDONIA.  N.  Y. 


JONES  500  SERIES 
PLUGS  and  SOCKETS 


5000  volts  and  25  amperes.  Fulfills  every 
electrical  and  mechanical  requirement. 
Polarized  to  prevent  incorrect  connec¬ 
tions.  Easy  to  wire.  Sizes:  2,  4,  6,  8,  10 
and  12  contacts.  Thousands  of  uses. 
Write  for  Bulletin  500  today. 


HOWARD  B.  JONES 

2300  WABANSIA  AVENUE, 
CHICAGO  ILLINOIS 
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TURNER  NO.  101  CARDIOID 
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FREE 
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A  twist  of  the  switch  gives 
you  50-200-500  ohms  or  hi- 
impedence.  U9-S  is  a  rugged¬ 
ly  constructed  dvnamic  thet 
does  the  job  of  4  mikes. 
Adjustable  to  semi-  or  non- 
directionel  operation,  with  a 
level  of  ■: — 52DB  at  hi-im- 
pedance.  Response  free  from 
peaks  and  holes  from  40  to 
9000  cycles. 


TURNER  HAN-D 
HAS  LOW  FEEDBACK 


In  either  dynamic  or  crystal, 
Han-D  gives  exceptionally 
clear  voice  reproduction  with¬ 
out  blasting  from  close  speak¬ 
ing.  Feedback  is  surprisingly 
low.  Fits  the  hand,  can  be 
mounted  on  standard  desk  or 
floor  stand  or  hung  by  hook. 
Positive  contact  slide  switch 
permits  push-to-talk  opera¬ 
tion. 


Here's  the  unit  for  all  call 
systems,  police  cars,  sports 
announcing.  "Third  Hand" 
holds  the  special  L-40  mike 
close  to  the  mouth,  giving 
tremendous  volume  without 
feedback.  Third  Hand  it 
light  in  weight  and  goose¬ 
neck  adjusts  to  any  position. 
A  low-cost  efficient  unit. 


TURNER  L-40-3H 
FREES  BOTH  HANDS 
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,  TURNER  U9-S 
OFFERS  4  IMPEDANCES 


CUTS  OUT  BACKGROUND  NOISE 


TURNER 


Transceiver 

“Airphone”  (Model  BRT)  is  a  simple 
to  install  piece  of  equipment  which  is 
designed  for  operation  with  aircraft 
type  microphones.  It  weighs  eight 
pounds  and  operates  from  self-con¬ 
tained  standard  batteries.  Both  the 
transmitter  and  the  receiver  are  crys¬ 
tal  controlled.  The  receiver  section  is 
manually  operated  and  has  automatic 
volume  control  and  automatic  audio 


Microphones 

Give  Crystal-Clear  Reproduction 

Where  intelligible  communications  are  a  must 
Turner  Miaophones  will  do  the  job,  clearly 
and  concisely.  Constructed  to  withstand  heavy 
acoustic  and  climatic  conditions, 
you  can  be  SURE  with  a  Turner.  Each  Turner 
Microphone  is  given  an  individual  sound  pres 
sure  test  over  the  entire  audio  band  before 
leaving  the  factory 
plete  satisfaction. 


Th*  2-«lcincnl  generator  offers  true  cardioid  character¬ 
istics,  with  the  best  features  of  both  dynamic  and 
velocity.  Highly  sensitive  to  sounds  originating  in  front 
oft  -  -  =  = 

De  Luxe  and  Broadcast  models. 


level  control.  The  output  impedance  to 
earphones  is  500  ohms.  The  transmit¬ 
ter  has  an  output  of  i  watt  with  push- 
to-talk  operation,  and  no  stand-by 
current  drain.  Both  transmitter  and 
receiver  operate  on  a  frequency  range 
of  2000  to  8500  kcs.  The  transceiver 
measures  4x3x8  inches.  Orders  for 
Model  BRT  should  specify  the  desired 
operating  frequency  in  kilocycles,  and 
the  desired  type  of  microphone  jack. 

Airphone  Div.,  United  Cinephone 
Corp.,  Torrington,  Conn. 


- - - - -  ..r*  can  halp  you 

aalact  tho  Turner  Microphona  ba-^t  suited  to  your  no^a. 
Ask.  too.  for  information  on  how  to  make  your  present 
Turner  mike  and  equipment  give  you  longer,  better 
aarvice. 


Crystals  Liesnsad  Undsr  Patsnta  of  tho  Brush  Dsvalopmant  Co. 


any  given  material.  The  basic  element 
of  the  control  is  a  welding  electrode  of 
a  highly  sensitive  thermocouple  which 
shuts  off  the  current  when  the  correct 
temperature  is  reached,  and  turns  it 
on  again  when  the  weld  has  been 
cooled  to  the  proper  degree. 

Bulletin  No.  301  gives  line  drawings 
of  the  thermocouple  electrode,  a  typical 
“Temp-A-Trol”  cycle,  comparisons  of 
grain  structure,  diagram  of  automatic 
phase-shift  heat  control,  etc.,  and  is 
available  from  the  manufacturer.  Pro¬ 
gressive  Welder  Co.,  3100  East  Outer 
Drive,  Detroit,  Mich. 


\ 
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PHOTO  ELECTRIC  CELLS 

BRADLEY  LABORATORIES,  INC. 

.ii2  ME  ADO  A’  ST  •  NE\A/  HAVEN.  CONN. 


Coiiimiinicatioii  System  ith 
Interceptor  Control 

This  improved  Executive-Monitor  com¬ 
munication  system  consists  of  two  or 
more  master  stations  connecting  up  to 
nineteen  remote  stations  in  the  system. 
The  executive  and  monitor  stations  can 
talk  to  each  other,  or  either  can  carry 
on  two-way  amplified  voice  conversa¬ 
tions  with  remote  desk  or  trumpet- 
type  sub-.stations  in  outlying  depart¬ 
ments.  The  interceptor-control  feature 
enables  the  assistant  at  the  monitor 
station  to  intercept  all  incoming  calls 
originating  at  the  remote  stations.  Both 
the  executive  and  monitor  stations  are 
equipped  with  busy  signals  to  show 
when  other  stations  are  in  use.  A  pag- 


PHOTO  OECTRK  COLS 


We  are  always  at  your 
service  in  supplying  you 
fine  condensers;  we've 
been  making  condensers 
for  the  past  twenty-one 
years. 


The  widest  range  of  scientific 
and  industrial  requirements  can  be 
met  by  Luxtrori*  Cells — the  Cells  that 
meet  the  stringent  requirements  of 
the  Army  and  Navy.  For  measure¬ 
ments,  analysis,  indication,  meter¬ 
ing,  control,  signal,  inspection, 
sound  reproduction,  etc.  Luxtron 
Units  can  also  be  produced  to  meet 
special  needs. 


POLYMET  CONDENSER  CO. 
699  East  135th  Straat 
N.W  York,  N.  Y. 


ing  button  enable.s  the  user  of  any 
master  station  to  call  all  other  stations 
simultaneously,  for  paging  and  locating 
persons  instantly,  and  for  issuing  emer¬ 
gency  warnings  or  general  announce¬ 
ments  to  the  entire  staff.  High-powered 
trumpet-type  substations  provide  ex¬ 
tra  sound  volume.  .\11  wiring  lines  are 
connected  to  inconspicuous  junction 
boxes  for  neat  and  simplified  installa¬ 
tion.  The  unit  utilizes  110-120  volts, 
alternating  or  direct  current.  Power 
consumption  for  the  entire  system  is 
rated  at  46  watts.  This  system  is  UL 
approved  and  is  licensed  under  A.T.  & 
T.  patents. 

Executone,  Inc.,  41.5  Lexington  Ave., 
New  York,  N.  Y. 


Luxtron  Photo-Elec¬ 
tric  Cells  in  Stroto- 
sphere  Chambers, 
where  pilots  are  pre¬ 
tested,  have  to  meet 
the  most  severe  con¬ 
ditions  of  cold,  hu¬ 
midity,  vibration.  The 
tact  that  they  satisfy 
the  Army  and  Navy 
requirements  is  proof 
that  they  can  meet 
the  most  particular 
specifications  of  all 
commercial  and  in¬ 
dustrial  applications. 


Flexible  Heutiii^  Element 

“Glasohm”  ks  a  glass-insulated,  low- 
power,  flexible  heating  element  which 
is  available  in  any  length,  by  the  inch, 
foot  or  yard,  and  is  particularly  use¬ 
ful  in  very  limited  spaces.  Its  con¬ 
struction  consists  of  a  resi.stance  wire 
which  is  wound  on  a  fibre-glass  core 
and  is  protected  by  a  fibre-glass 
braided  covering.  The  fibre-gla.ss  can 
be  readily  bent  and  compacted  to  fit 
snugly  about  parts  to  be  heated,  or 
jammed  into  very  tight  spots.  Wattage 
ratings  are  from  1  to  4  watts  per 
body  inch,  depending  on  the  applica¬ 
tion.  Operating  temperatures  may  be 
as  high  as  7.50  deg.  F. 

Clarostat  Mfg.  Co.,  Inc.,  28.5  North 
6th  Street,  Brooklyn,  N.  Y. 


m  UAti'Ti  for  special  il- 
•  Jf'W/C'iu.tnted  lit¬ 
erature  with  complete 
technical  data.  We  are  at 
vour  service  for  consulta¬ 
tion  on  special  problem.. 
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TRANSFORMERS 
THAT  GO  TO  SEA 
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rather  than  being:  contained  in  an  ab¬ 
sorption  cell  or  a  test  tube.  Once 
calibrated  by  means  of  a  solution  of 
known  concentration,  the  instrument 
indicates  the  concentration  directly  and  i 
continuously,  obviating:  the  necessity 
of  taking:  samples  and  analyzing  them 
at  regular  intervals.  The  instrument 
operates  from  105-125  volts,  50-60  cps  ' 
alternating  current,  and  has  a  constant 
voltage  transformer  and  a  built-in 
color  filter.  The  price  of  the  in.strument 
i.s  approximately  $170. 

Photovolt  Corp.,  95  Madison  .\ve.. 
New  York,  N.  Y. 


(!oiiliiiii(>iis-Fl<»w  ('.oloriiiieler 


Transformers  designed  to  the  rigid  requirements  of  the 
United  States  Navy  have  characteristics  that  enable  them 
to  meet  the  most  extreme  conditions. 


J  iiter-€oiii  111  nil  ifiil  iiig  System 


This  system  is  designated  as  the  KS-60 
,'^uper  Selective  system  and  is  made 
lip  exclusively  of  master  stations  and 
permits  a  number  of  two-way  conversa¬ 
tions  to  be  held  simultaneously  with¬ 
out  crosstalk.  The  master  stations  can 
call  one  another  regardless  of  whether 
the  station  being  called  bas  power  on 
or  not.  Systems  may  be  built  up  prog¬ 
ressively  beginning  with  two  master 
stations  to  any  amount  of  stations  de¬ 
sired.  A  feature  of  the  unit  is  its  use 
of  private  earphones.  When  an  ear¬ 
phone  is  used  the  “talk-listen”  switch 
does  not  have  to  be  operated,  and  the 
unit  works  exactly  the  same  as  a  tele¬ 
phone.  Volume  for  earphones  is  ad¬ 
justable. 

These  units  have  an  amplifier  of 
super  sensitive  design  which  delivers  a 
maximum  output  of  21  watts  and  per¬ 
mits  operation  with  undiminished 
power  and  efficiency  with  the  units  as 
far  as  dOOO  feet  from  one  another.  Sys¬ 
tems  consisting  of  2  to  10,  20,  oO,  40, 
60,  80,  etc.,  stations  are  available. 

Talk-A-Phone  Mfg.  Co.,  1219  W.  Van 
Barren  St..  Chicago,  Ill. 


Waterproof  —  Hermetically  Sealed  Transformers,  built  to 
these  specifications  by  the  Chicago  Transformer  Corpora¬ 
tion,  not  only  pass  the  Navy  Five  Cycle  Salt  Water  Im¬ 
mersion  Test  but  also  other  severe  operating,  temperature 
and  pressure  tests  set  up  in  our  own  laboratories. 


“Lumetron”  (Model  400-S)  is  a  con¬ 
tinuous-flow  colorimeter  for  immediate 
and  direct  indication  of  the  light  trans¬ 
mission  of  a  liquid  flowing  through  the 
instrument.  It  is  suitable  for  contin¬ 
uous  registration  of  concentration, 
color  or  turbidity  of  solutions  in  chem¬ 
ical  processes.  The  operating  principle 
of  the  instrument  is  similar  to  the  one 
of  the  usual  type  of  photoelectric 
colorimeters  except  that  the  liquid 
under  test  passes  through  a  glass  tube 


Literature- 


Victory  depends  on 

COMMUNICATIONS 


On  America’s  far-flung  battle  fronts,  radio  com¬ 
munications  are  speeding  the  ultimate  victory. 
At  home  and  abroad,  wherever  our  combat  units 
are  in  training  or  in  action,  BUD  Products 
prove  their  dependability  under  all  conditions. 

BUD  RADIO,  Inc.  •  Cleveland^  Ohio 


Instruments  of 

COMMUNICATION-  1 

Photo  Courtesy  HaJlicrafters,  Inc. 

KESTER  CORED  SOLDERS  Won  *  UfCo! 


Phenolite  Handbook.  This  handbook 
contains  technical  and  descriptive  data 
on  Phenolite,  laminated  Bakelite.  The 
handbook  describes  how  Phenolite  is 
made,  its  general  properties,  various 
sheets  made,  grades  of  paper  base, 
grades  of  fabric  base,  grades  of  as¬ 
bestos  base,  how  Phenolite  tubing  is 
made,  tubing  grades,  values  and  toler¬ 
ances,  tolerances  of  Phenolite  rods  and 
the  typical  uses  of  all  Phenolite.  Also 
included  in  this  handbook,  in  chart 
form,  are  the  related  Navy  and  Federal 
specifications.  This  forty-four  page 
handbook  available  from  National  Vul¬ 
canized  Fibre  Co.,  Wilmington,  Del. 


In  the  communications  equipment  of  a  fighting 
machine — built  to  "take  it  and  dish  it  out” — 
Kester  Cored  Solder  is  worth  its  weight  in  gold ! 
Circuits  sealed  with  Kester  are  permanently 
trouble-free — as  dependable  as  the  tank,  plane 
or  ship  itself. 

Kester  Rosin-Core  Solder,  especially  designed  for 
elearical  use,  contains  a  patented,  plastic  rosin 
flux  that  does  not  cause  corrosion  or  injure  in¬ 
sulating  material.  Kester  Acid-Core  Solder,  for 
general  applications,  makes  a  tight,  clean, 
permanent  union. 


Kester  Cored  Solders  are  available  in  a  wide 
range  of  core  and  wire  sixes,  one  of  which 
is  exactly  suited  to  any  production  requirement. 
All  are  superior  in  quality — they  resist  bending, 
vibration,  shock,  contraction  and  expansion. 
Let  Kester  engineers  assist  you  with  any  pro¬ 
duction  problem  solder  _ 

may  help  to  solve.  Write  FC6DEFENSE 
fully — ^there’s  no  obliga- 
tion ! 


Replacement  Sheets.  Several  new  sheets 
are  available  for  the  following  bulle¬ 
tins  to  bring  them  up-to-date:  Bulletin 
1 — discounts  and  terms;  Bulletin  23 — 
Vitrohm  strip  resistor;  Bulletin  60 A — 
Vitrohm  and  Ribohm  field  rheostats; 
Bulletin  69 — 4  inch  pressed  steel  rheo¬ 
stats;  Bulletin  2721 — Type  C  motor  dis¬ 
connect  switches;  Bulletin  2722 — motor 
disconnect  switches  Type  C;  Bulletin 
2751 — tumbler  type  motor  starting 
switches;  Bulletin  4021 — a-c  combina¬ 
tion  starters;  Bulletin  4201 — a-c  auto¬ 
matic  motor  starters;  Bulletin  4221 — 
automatic  transfer  switches;  Bulletin 
351 — thermal  time  delay  relays.  These 
replacement  sheets  are  available  from 
Ward  Leonard  Electric  Co.,  Mount 
Vernon,  New  York. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue,  Chicago,  Illinois 
Elastem  Plant:  Newark,  N.  J.  Canadian  Plant:  Brantford,  Ont. 


Low  Temperature  Brazing.  In  a  recent 
issue  of  “Low  Temperature  Brazing 
News"  No.  19  a  typical  war  applica¬ 
tion  of  Easy-Flo-Silver  brazing  alloy 
is  illustrated.  It  describes  the  problem 
of  brazing  a  i  inch  threaded  flange  into 
a  completely  closed  20  gauge  sheet  steel 
container.  Issued  by  Handy  &  Har¬ 
man,  82  Fulton  St.,  New  York,  N.  Y. 


Color  Code  Resistor  Card.  This  pocket 
size  color  code  resistor  card  shows 
clearly  the  A,  B,  C  and  D  color  denota¬ 
tions  of  a  resistor.  It  explains  the  re¬ 
sistor  color  code  and  gives  examples. 
On  the  reverse  side  of  the  card  is  Ohm’s 
Law.  This  card  is  free  to  all  Sylvania 
radio  servicemen.  Available  through 
Sylvania  jobbers  or  from  Sylvania 
News,  Emporium,  Pa. 


Screws.  In  this  20  page  illustrated 
booklet,  on  self-tapping  screws,  is  de¬ 
scribed  the  quality  routine;  the  func¬ 
tions  and  advantages  of  each  type; 
stock  sizes  and  head  styles;  packing, 
finishes  and  special  screws.  All  types 
of  self-tapping  screws  are  covered  and 
their  typical  applications.  Booklet  No. 
475  available  from  Parker-Kalon  Corp., 
200  Varick  St.,  New  York,  N.  Y. 
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Colloidal  Graphite.  A  4  page  bulletin, 
No.  421-T  on  the  use  of  “dag”  colloidal 
graphite  as  a  lubricant  for  running-in 
internal  combustion  engines,  compres¬ 
sors  and  other  mechanical  equipment  is 
obtainable  from  Acheson  Colloids  Corp., 
Port  Huron,  Mich. 


Tube  Base  Data  Connections  and  Chart. 
In  an  8  page  folder  the  element  con¬ 
nection  and  base  layout  of  over  600  dif¬ 
ferent  types  of  radio  tubes  are  given. 
This  folder  permits  rapid  socket  selec¬ 
tion  for  practically  any  tube  now  in 
commercial  use.  Tube  base  connections 
are  illustrated  by  diagrammatic 
sketches  of  the  bottom  view  of  the  tube 
bases.  A  tube  base  chart  is  included 
which  indicates  the  proper  base  to  use 
for  any  of  the  tubes  listed.  This  folder 
may  be  obtained  from  Weston  Electri¬ 
cal  Instrument  Corp.,  Newark,  N.  J. 


.Selenium  Rectifiers.  Bulletin  R-40  con¬ 
tains  general  information  on  selenium 
rectifiers,  including  their  assembly, 
plate  sizes,  efficiency,  input  voltage, 
stability,  cooling,  regulation,  etc. 
Illustrations  and  graphs  covered  by  the 
text  matter  are  included  in  the  bulletin. 
Benwood  Linze  Co.,  1815  Locust  St.,  St. 
Louis,  Mo. 


Frequency  Assignment  Chart.  A  chart 
showing  the  frequency  assignments  in 
the  radio  spectrum  for  stations  in  the 
United  States  is  available  from  Elec¬ 
tronics  Editorial  Department  at  ten 
cents  per  copy,  payable  when  ordering. 
This  chart  was  compiled  in  September 
1940  from  data  of  the  Federal  Com¬ 
munications  Commission,  and  includes 
revisions  above  30  Me,  adopted  in  May 
and  June  1940.  The  chart  is  printed  on 
heavy  coated  paper  and  is  suitable  for 
framing  since  it  is  mailed  unfolded. 


.\SA  Price  List  for  1942.  More  than  550 
American  Standards  are  listed  in  the 
price  list  for  1942  by  the  American 
Standards  Association,  71  of  these 
represent  new  and  revised  standards 
approved  since  the  last  (Feb.  1942) 
issue  of  the  list.  There  is  a  separate 
heading  for  standards  developed  spe¬ 
cifically  for  the  war  effort.  Another 
section  is  devoted  to  safety  standards. 
Other  standards  include  definitions  of 
technical  terms,  specifications  for 
metals  and  other  materials,  test  meth¬ 
ods  for  finished  products,  dimensions, 
etc.  Send  requests  to  American  Stand¬ 
ards  Association,  29  W.  39th  St.,  New 
York,  N.  Y. 

Also  available  is  the  new  standard 
methods  of  testing  and  tolerances  for 
fabric  tubular  sleeving  and  braids. 
This  specifies  permissible  variations  on 
inside  diameter  and  wall  thickness  of 
sleevings  and  braids,  also  governs  tol¬ 
erances  as  to  weight,  number  of  car¬ 
riers,  ends  on  bobbin,  yarn  number  and 
imperfections.  Available  from  Ameri¬ 
can  Standards  Association  at  the  above 
address. 


h/Ofayette  is  your  COMPLETE  source  of  supply,  espe¬ 
cially  on  those  hard  to  find  Electronic,  Radio  and  Sound 
Equipment  parts  ...  no  order  too.  small  or  too  large  for 
our  prompt  attention.  LAFAYETTE  GIVES  YOU  IM- 
MEDLVTE  .ACTION  on  deliveries!  Lafayette  personnel  is 
trained  to  work  with  your  expediters. 

If  quick  delivery  of  engineering  samples,  or  production 
quantities  is  your  problem,  write,  wire  or  phone  Lafayette. 

FREE  Buyers  Guide! — 130  pages  indexed  for 
quick  reference  . .  .  Get  your  copy  now!  .Ad¬ 
dress  Dept.  12G2,  901  W.  Jackson  Boulevard, 

Chicago,  Ill. 


[Camara  Fans  —  Photographic  equipment  at  I 
lowest  prices!  Write  for  complete  catalog.  I 

LAFAYETTE  RADIO  CORP. 


901  W.  JACKSON  ILVD.,  CHICAGO,  ILL.  •  26S  PEACHTREf  ST.,  ATLANTA,  GA. 
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*  SON*  WC..  CiUiDEN.  N. 


Electrical  Connectors.  This  16  page  il¬ 
lustrated  condensed  catalog  supplement 
covers  the  most  popular  types  of  elec¬ 
trical  connectors.  The  catalog  deals 
briefly  with  the  two  leading  types  used 
in  aircraft  applications  and  details  more 
complete  information  on  connectors  for 
radio  microphones,  sound  equipment, 
power  heavy-duty  control  circuits,  pub¬ 
lic  address  systems  and  geophysical  re¬ 
search,  electronic  low-level  circuits  and 
small  power  applications.  Obtainable 
from  Cannon  Electric  Development 
Company,  Los  Angeles,  Calif. 


SPEED  VP 

ASSEMBLY 


Excellent  Opportunity  for  a 

Project  Mechanical  Engineer 

and  a 

Project  Electrical  Engineer 

Capable  of  taking  full  responsibility 
for  the  development  of  any  project 
from  the  idea  stage  on. 

WE  ALSO  HAVE  OPENINGS  FOR 

28  Electronic  Engineers 
2  Television  Engineers 
2  Expert  Radio  Technicians 
2  Licensed  Aeronautical 
Engine  Mechanics 
6  Mechanical  Engineers 
2  Electrical  Engineers 
2  Physicists 

2  Certified  Aeronautical 
Sheet  Metal  Workers 
(Skin  Men) 

1  Mathematician  with 
at  least  Master's  Degree. 

Unexcelled  opportunity  with  a  vital  de¬ 
fense  industry.  Duty  may  require  ilyinq 
in  military  air  craft.  Flying  instructions 
given  in  some  cases. 

Write  fully  giving  education,  experience, 
age.  dependents,  draft  status,  references 
and  enclose  snapshots,  if  possible.  Ar¬ 
rangements  will  be  made  for  personal 
interview.  Address  Director  of  Personnel. 

AERO  DIVISION 

M I N  NEAPOLIS  -  HONEYWELL 
REGULATOR  COMPANY 

MINNEAPOLIS,  MINNESOTA 

We  are  not  interested  in  receiving  applications 
from  those  now  employed  in  war  work. 


SOCKET  GAP  SCREWS 
WITH  KNURLED  HEADS 


House  Organ.  In  the  May  1942  issue 
of  The  Aerot'ox  Research  Worker  is 
published  the  article  “Taking  Complete 
A-F  Amplifier  Data”.  This  article  de¬ 
scribes  the  procedure  for  the  routine  in¬ 
spection  of  audio  amplifiers  in  mainte¬ 
nance  and  trouble  shooting. 

In  the  June  1942  issue  is  an  article 
“.■Vmplitude  Modulation”.  This  article 
covers  the  use  and  advantages  of  com¬ 
plete  modulation,  side  band  generation 
and  amplitude  modulation  circuits. 

“High-Efficiency  R-f  Amplifiers”  are 
described  in  the  July  1942  issue.  Class 
B  operation,  the  Doherty  high-effi¬ 
ciency  amplifier  and  Terman-Woodyard 
amplifier  are  covered.  Available  from 
Aerovox  Corp.,  New  Bedford,  Mass. 


Industrial  Instruments.  Catalog  95-A 
describes  instruments  for  the  measure¬ 
ment  and  control  of  industrial  process 
conditions.  The  bulletin  is  made  up  of 
ten  sections:  grouping  and  description 
of  all  instruments,  accessories  and  sup¬ 
plies  appropriate  to  a  particular  field 
of  application,  such  as  temperature, 
flow,  pressure,  level,  humidity,  etc., 
combination  instruments,  valves,  instru¬ 
ment  panels  and  similar  subjects. 
Copies  from  The  Foxboro  Co.,  Publicity 
Dept.,  Foxboro,  Mass. 


Fingers  gear  right  to  the 
knurling.  This  prevents  slip¬ 
ping  and  lost  motion  and  na¬ 
turally  saves  time  —  speeds 
assembling.  The  knurling  also 
permits  locking  the  screw 
after  countersinking.  “UN- 
BRAKO”  Gap  Screws  have 
unbelievable  strength  —  are 
accurately  made.  Deliveries 
are  better  than  average. 

Sizes:  No.  4  to  Ij"  diameter. 

Write  for  the  “UNBR.AKO” 
Catalog — now.  •  - 


Into  Lingo  dotlgning 
h«s  gono  tho  finast 
•ngiiMioring  tfcill  and 
modern  antonna  an- 
ginaaring.  Tha  ra- 
suit — "plus"  parform- 
anca  combined  with 
low  installation  and 
maintananca  costs. 


Switches.  This  i.s  a  preliminary  bulletin 
which  describes  Type  DX  mu-switch, 
designed  especially  for  direct  current. 
The  technical  specifications  and  oper¬ 
ating  characteristics  are  included.  Mu- 
Switch  Corp.,  Canton,  Mass. 


House  Organ.  The  October-November 
issue  of  Nafiotinl  Radio  \eies  contains 
an  article  “Electronics  Promises  Bright 
Future”.  This  article,  based  on  the 
General  Electric  Company’s  quarterly 
report  to  its  stockholders,  states  that 
electronics  is  the  new  science  for  the 
new  w'orld  and  the  bright  promise  for 
the  future.  Other  interesting  articles 
covered  in  this  issue  are:  How  Record¬ 
ings  are  Made,  Thordarson  15-watt 
.Amplifier,  Interchangeability  Chart  for 
Discontinued  Tubes,  Questions  and  An¬ 
swers  for  Radio  Operator  Examina¬ 
tions.  This  is  the  official  house  organ 
of  the  National  Radio  Institute  Alumni 
Assoc.,  16th  &  You  St.,  N.  W.,  Wash¬ 
ington,  D.  C. 


199  ft.  (above  roof) 
Radiator  at  WIBM, 
Jaekaon,  Miek.  Art- 


Lingo  veraatility  to 
meet  every  atation 


Knurling  of  Socket  Screws  originated 
with  “Unbrako”  years  ago 
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rhermocouple  and  Tube  Data.  A  new 
6  page  bulletin  which  acts  as  a  guide  in 
the  selection  of  the  most  satisfactory 
thermocouples,  thermocouple  protect¬ 
ing  tubes  and  lead  wire  for  a  given 
instrument  application  in  line  with  re¬ 
strictions  placed  upon  certain  critical 
materials.  It  supplements  the  first 
bulletin  ever  issued  by  an  instrument 
manufacturer  to  list  thermocouples  by 
materials,  rather  than  by  trade  names, 
it  gives  recommendations  on  thermo¬ 
couples,  lead  wire,  protecting  tubes, 
plugs  and  sockets;  information  on 
thermocouple  checking;  millivolt  con¬ 
version  tables  and  other  useful  data. 

In  the  September  1942  issue  of 
Wheelco  Comments  appears  an  article 
“Universal  Controllers  Offer  Unusual 
.Approach  to  Temperature  Control 
Problems”.  This  article  describes  and 
illustrates  design  features  of  the  com¬ 
pany’s  universal  controllers. 

Both  releases  obtainable  from 
Wheelco  Instruments  Co.,  Harrison  & 
Peoria  St.,  Chicago,  Ill. 


Maintenance  and  Operation  Instruction. 
“Keep  ’Em  Working”  is  the  title  of  a 
new  book  which  aids  owners  of  “Cater¬ 
pillar”  products  in  getting  the  most 
out  of  their  machines.  It  gives  the 
reasons  behind  the  maintenance  and 
operation  instructions,  goes  into  detail 
on  the  care  of  certain  critical  parts  and 
gives  general  information  that  is  not 
conveniently  available  elsewhere.  Form 
No.  7609  available  from  Caterpillar 
Tractor  Co.,  Peoria,  Ill. 


New  Type  Calendar.  This  calendar, 
built  on  a  War  Week  basis,  with  its  52 
weekly  sheets  has  an  overall  size  of 
151  X  24i  inches.  A  section  of  technical 
data  for  the  engineer  and  draftsman  is 
included.  This  section  contains  charts 
on  wire  and  sheet  metal  gages,  screw 
threads,  etc.  Request  should  be  writ¬ 
ten  on  business  letterheads  to  Freder¬ 
ick  Post  Co.,  Box  803,  Chicago,  Ill. 


X  leaving  a  complete 

^  ^  plant  laid  on  your  desk, 

when  you  —  “Let  Lewyt 

You  get  —  in  “Packaged 
Production” — the  most  up- 
to-date  facilities  for  Metal 
Fabrications;  Precision  Ma¬ 
chine  Work;  Electrical  and 
Mechanical  Assemblies.  In  addition,  you  get  54  years  of  ex¬ 
perience  in  precision  manufacturing  backed  up  by  carefully 
engineered  methods  and  closely  coordinated  production 
controls.  You  can,  therefore,  trust  us  with  all  the  production 
responsibilities  on  a  single  part  —  or  a  complete  product. 

Just  now,  “Packaged  Production”  is  ear-marked  for  war. 
But  if  you,  too,  have  a  war-production  manufacturing 
problem,  we’ll  gladly  lend  you  a  hand  —  prior  commit¬ 
ments  permitting. 


Metal  Shielded  W’ire.  Bulletin  202  de¬ 
scribes  Precision  metal  shielded  wire. 
The  bulletin  describes  the  method  of 
protecting  insulated  wire  enclosed  in 
either  thin  wall  seamless  aluminum, 
copper  or  lead  tubing.  Bulletin  202 
available  from  Precision  Tube  Co.,  3824 
Terrace  St.,  Philadelphia,  Pa. 


Capacitors.  Bulletin  GEA-2027  de¬ 
scribes  a-c  Pyranol  capacitors  for  use 
with  motors,  in  control,  fiuorescent 
lamp  ballasts,  luminous  tube  trans¬ 
formers  and  other  a-c  equipment.  Bul¬ 
letin  GE.'\-2621  describes  d-c  Pyranol 
capacitors  for  use  with  radio  trans¬ 
mitters,  electronic  devices  and  various 
d-c  industrial  applications.  Bulletin 
GE.\-3966  describes  Navy  type  capaci¬ 
tors  for  d-c  filter  applications.  All  three 
bulletins  from  General  Electric  Co., 
Schenectady,  N.  Y. 
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Electron  Tube  Terminology 

(Continued  from  page  45) 


because  of  this  very  fact  that  certain  as  true  that  a  new  name  with  official 
of  the  vacuum  tube  names  are  so  well  or  sponsored  backing  may  make  lit- 
established.  tie  practical  headway.  This  is  just 

About  six  years  ago,  Westing-  another  way  of  saying  that  new 

house  and  General  Electric  agreed  names  come  into  general  use  in  their 
between  themselves  to  the  use  of  own  field  entirely  on  the  basis  of  a 
certain  definitions  so  as  to  minimize  need  for  them,  the  ease  of  remem- 
misunderstandings.  This  list  is  re-  bering  them,  and  their  general  pho- 
produced  in  Table  1  and  was  pub-  netic  quality.  The  w’ord  “mutator” 

lished  in  the  February,  1937,  issue  of  is  an  example  of  a  good  name  that 

Electrical  Engineering  (page  284).  has  made  little  progress  even  in  the 
This  list,  of  course,  includes  no  face  of  international  standardiza- 
trademarked  words.  tion.  On  the  other  hand,  it  is  diffi¬ 

cult  to  find  many  references  in 
Adoption  of  Those  Special  Names  which  the  device  we  call  an  “ig- 

A  survey  of  the  available  latest  nitron”  is  given  any  other  name, 
editions  of  general,  as  well  as  tech-  One  basic  difficulty  in  this  whole 
nical,  dictionaries  indicates  the  ex-  matter  arises  from  the  fact  that 

tent  to  which  these  tube  names  have  electron  tubes  are  used  in  so  many 
been  adopted.  Table  2  summarizes  widely  different  spheres  that  com- 
this  point.  plete  adoption  of  any  group  of  names 

Certain  other  tube  names  also  ap-  is  too  much  to  be  expected.  For  in¬ 
pear  in  these  same  dictionaries  as  stance,  mercury-arc,  tank  rectifiers, 
showm  in  Table  3.  The  definitions  ac-  fluorescent  lamps,  and  X-ray  tubes 
companying  these  words  vary  to  all  employ  basic  and,  in  certain  re- 
some  extent  and  some  even  appear  to  spects,  similar  electronic  phenomena, 
be  incorrect.  However,  the  engineers  involved  in 

The  classification  shown  in  Table  their  development,  design,  and  use 
1  is  by  no  means  a  closed  or  finished  are  in  such  widely  separated  fields 
affair.  Whenever  some  real  new  that  it  is  very  difficult  for  any  single 
electron  tube  incorporating  a  new  standardizing  group  or  organization 
combination  of  these  variables  or  to  include  these  items.  However,  an 
new  variables  comes  into  the  picture,  agency  like  the  American  Standards 
a  new  name  is  in  order  if  it  can  take  Association  can  standardize  on  cer- 
the  place  of  a  long  descriptive  phrase  tain  names  when  their  usage  and 
and  can  later  be  standardized  as  it  meaning  indicate  that  they  are  defin- 
comes  into  general  use.  For  instance,  ite  and  are  quite  universally  accep- 
in  the  June  issue  of  Electronics,  ted.  Such  standardization  by  the 
a  classification  of  electron  tubes  is  A.S.A.  is  already  an  accomplished 
showm  on  page  52.  This  contains  the  fact  in  the  case  of  the  word  ‘photo¬ 
word  “permatron,”  which  is  a  com-  tube.’ 

bination  of  a  hot-cathode,  gas,  or  This  body  might  well  consider 
vapor-content  diode  with  magnetic  certain  other  suitable  names  for 
control.  If  this  word  is  not  trade-  standardization,  such  as  grid-glow 
marked,  there  is  no  reason  why  it  tube,  ignitron,  thyratron,  and  pos- 
should  npt  be  a  candidate  for  stand-  sibly  others  that  are  definite,  com- 
ardization  if  and  when  it  comes  into  monly  accepted,  and  regularly  used, 
common  use  and  takes  the  place  of  a 
more  cumbersome  description. 

A  •  i  j  •  AL  A-  d)  Millikan,  K.  A.,  “The  Electron.”  The 

As  W’as  indicated  in  the  reception  university  of  ChlcaKo  Press,  Chicago,  Ill., 

to  the  use  of  the  early  term  ‘audion,’  Thomson.  J.  J.,  “Conduction  of  Elec- 

there  is  a  considerable  weight  of  cambridji'^fi'and® 

opinion  against  new  names  and  much  '  /  The  Prj^ncipies  of 

.  .  _  Electric  Wave  Telegraphy  and  Telephony. 

IS  to  be  said  for  this  viewpoint.  Ex-  Longmans.  (Ireen  &  Co.,  London,  England. 

perience  has  showm,  however,  that  '  (4)  Langmuir.  Dr.  Irvlng.  The  Pure  Elec- 
1  J.  J  .  .  tron  Discharge,  Proc.  I.  R.  E.,  8,  201,  191.^. 

such  a  name  for  a  new'  device  cannot  (5)  iiuii.  a.  w..  The  Dynatron,  a  Varuuin 

be  discouraged  by  official  pronounce-  /,"irp."5.  R^siatance,  Pror 

ments  if  it  fills  the  need  and  it  is  just  stonev^va/ifre'  duv 


VIBRATOR 
POWER . 
SUPPLIES 


•  ATR  VIBRATOR  PACKS 

For  Inverting  Low  Voltage  D.C.  to  High 
Voltage  D.C. 


REPLACES  DYNAMOTORSl! 


•  ATR  D.C.-A.C.  INVERTERS 


For  Inverting  6,  12,  32,  or  1 10  Volts  D.C, 
to  110  Volts,  60  Cycle  A.C. 


REPLACES 

ROTARY  CONVERTERS!! 


ATR  Vibrator  Power  sopplies  have  a 
proven  background  for  performance, 
reliability  and  high  quality. 


AMERICAN  TELEVISION 
&  RADIO  CO. 


St.  Paul,  Minnesota 
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Harmonic  Wave  Analyzer 


(Continued  from  page  V2) 


used  as  it  gave  very  nearly  a  straight 
line  scale.  It  was  thought  that  this 
system  would  also  require  no  zero 
adjustment.  This  did  not  prove  true 
as  a  steady  current  of  about  0.05 
milliampere  had  to  be  bucked  out  by 
feeding  a  small  voltage  back  from 
the  power  supply.  The  tap  on  the 
voltage  divider  is  determined  by 
trial  as  the  current  to  be  bucked  out 
varies  for  different  tubes. 

Since  the  calibration  of  the  volt¬ 
meter  was  very  nearly  linear,  it  was 
found  convenient  to  provide  three 
ranges  having  full  scale  distortion 
readings  of  100  percent,  50  percent 
and  10  percent.  These  scales  will 
give  readily  ascertainable  readings 
of  harmonics  to  a  low  as  0.2  of  1 
percent.  The  scale  change  was  ac¬ 
complished  by  means  of  a  series  of 
resistors  and  a  three  point  tap  switch 
connected  as  the  grid  resistor  of  the 
75  triode.  With  R,  and  Rt  equal,  and 
Rj  equal  to  8  R„  the  full  scale 
readings  of  the  meter  will  be  100, 
50,  and  10  percent. 


U.e.,  independent  of  voltage  or  cur-  j 
rent)  to  prevent  modulation  of  one 
oscillator  by  the  other. 

The  voltage  of  the  No.  1  or  dis¬ 
tortionless  oscillator  is  adjusted  for 
full  scale  reading  of  the  meter  with 
the  2000  cps  filter  connected  in  the 
wave  analyzer.  The  4000  cps  filter 
of  the  analyzer  is  then  cut  in.  The 
voltage  of  the  4000  cps  oscillator  is 
gradually  increased  and  a  curve  of 
harmonic  voltage  against  output  cur¬ 
rent  is  plotted  for  second  harmonic 
distortion.  This  procedure  is  re¬ 
peated  for  the  third  harmonic  and 
the  percentage  distortion  is  de¬ 
termined  as  in  the  previous  method. 
These  two  methods  of  calibration 
checked  with  a  maximum  difference 
of  2  percent,  which  occurred  near 
full  scale  readings.  Calibration  curve 
for  the  second  harmonic  is  shown  in 
Fig.  5.  The  third  harmonic  cali¬ 
bration  was  practically  identical. 

By  properly  apportioning  the  scale 
changing  resistances  R„  Rt  and  Rs, 
as  previously  described,  a  single 
calibration  curve  may  be  used  for 
the  instrument  if  all  filters  have  the 
same  mid-frequency  attenuation. 
The  mid-frequency  attenuation  of 
the  filters  may  be  adjusted  by  con¬ 
necting  an  appropriate  resistor 
across  the  shunt  arm  inductance,  Ls. 
In  this  instrument,  it  was  necessary 
to  shunt  the  4000  cps  filter  with  a 
220  ohm  resistance  to  make  the  at¬ 
tenuation  equal  to  that  of  the  6000 
cps  filter. 

Operation  of  this  analyzer  is  rela¬ 
tively  simple  and  rapid.  The  device 
to  be  measured  is  supplied  with  a 
2000  cps  distortionless  or  sinusoidal 
voltage  and  the  output  from  the  de¬ 
vice  connected  directly  to  the  an¬ 
alyzer.  With  the  2000  cps  filter  in 
the  circuit  and  the  meter  switched 
to  the  100  percent  position,  the  gain 
control  of  the  analyzer  is  adjusted 
to  give  full  scale  reading  of  the 
meter.  The  4000  and  6000  cps  filters 
are  then  switched  in  and  the  magni¬ 
tudes  of  the  second  and  third  har¬ 
monic  voltages  are  read  respectively. 
The  minimum  voltage  necessary  to 
operate  this  instrument  is  approxi¬ 
mately  4  volts. 

This  instrument  has  been  found 
very  useful  in  measuring  the  har¬ 
monic  content  of  various  amplifiers 
constructed  in  the  laboratory  and  in 
other  experiments. 


'WontUrful! 
..W#  ll 

you  soon.** 


Our  entire  resources 
are  at  the  command  of 
our  National  Govern¬ 
ment  ...  we  are  doing 
our  utmost  to  fulfill  the 
demands  of  our  various 
military  services  by  sup¬ 
plying  precision-built 
radio  communications 
equipment. 


Instrument  Calibration 

Calibration  of  this  instrument  is  a 
rather  simple  procedure  and  can  be 
done  in  either  of  two  ways.  The  first 
method  used  was  to  feed  a  2000  cps 
signal  of  adjustable  amplitude  into 
the  instrument  and  to  determine  the 
output  meter  reading  in  terms  of 
the  input  voltage.  This  procedure 
was  then  repeated  with  adjustable 
voltages  of  4,000  and  6,000  cps.  The 
harmonic  distortion  w’as  then  calcu¬ 
lated  and  calibration  curves  w'ere 
then  plotted  showing  the  percent  of 
harmonic  distortion  against  the  out¬ 
put  current.  With  this  method  there 
will  be  little  error  introduced  by 
aging  of  the  tubes. 

The  second  method  of  calibration 
uses  two  oscillators,  the  first  of 
w'hich  must  be  free  of  harmonics. 
Such  a  sinusoidal  oscillator  may  be 
obtained  by  inserting  a  2000  cps 
band-pass  filter  in  the  output  of  the 
laboratory  oscillator  or  generator. 
The  output  of  the  second  oscillator 
is  fed  into  the  instrument  in  series 
with  that  of  the  2000  cps  oscillator 
as  shown  in  Fig.  4.  Meters  are 
placed  across  the  output  of  both 
o.«?cillators  and  the  harmonic  voltage, 
which  is  thus  artifically  generated, 
can  be  read  directly.  It  is  important 
that  the  mixing  resistances  be  linear 
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SPECIAL 
PURPOSE 
TUBES  •• 

‘including 

THE  LATEST  TYPE  OF  HIGH  FREQUENCY  TUBES 

iucl}  as: 

832  •  829  •  615  •  114B  •  813  •*  1201  •  1203A 
A  COMPLETE  LINE  OF  TRANSMITTING  TUBES  IN 
ALL  IMPORTANT  SIZES  UP  TO  200  WATTS 

for  your  ELECTRONIC  tubes  *  parts  *  supplies 

SEE  YOUR  : 

LOCAL  NATIONAL  UNION  DISTRIBUTOR 

EVERY  reseorch  deportment  todoy  it  working  with  elec¬ 
tronic  principles.  NATIONAL  UNION  DISTRIBUTORS 
hondle  Notionol  Union  Rodio  tubes  ond  ollied  products. 

They  tpecioliie  in  rodio  ond  electronic  items  ond  you 
will  find  their  shocks  very  complete.  Coll  or 
'  write  your  N.U.  distributor  for  his  indusfriol 
cotologue.  If  you  do  not  know 
hit  oddrest  send  your  letter  to 
us  ond  we  will  forward  it. 

NATIONAL  UNION  RADIO  CORP. 

57  STATE  STREET,  NEWARK,  NEW  JERSEY 


Time  Control 

{Continued  from-  page  49) 

teries.  Change-over  takes  place  so 
quickly  that  the  operation  of  the 
clocks  is  not  affected. 

Technically  Simple  System 

In  its  technical  essentials,  the  tim¬ 
ing  system  is  not  complicated.  The 
output  of  the  tuning  fork  is  ampli¬ 
fied  by  eight  50-watt  amplifiers  with 
outputs  connected  in  parallel  to  pro¬ 
vide  a  total  power  output  of  400 
watts. 

The  stand-by  power  supply  is 
equally  simple.  A  60-cps  a-c  gen¬ 
erator  is  on  a  common  shaft  with  a 
110-v  a-c  motor  and  a  32- v  d-c  motor. 
Under  normal  conditions,  the  gen¬ 
erator  is  driven  by  the  a-c  motor 


Rear-panel  view  of  precision  clock  control 
equipment,  showing  tuning-fork  units,  om- 
plifiers  and  power  supplies.  All  units  are 

in  duplicate  and  are  interchangeable 

which,  in  turn,  is  connected  to  the 
city  mains.  If  this  source  of  power 
should  fail,  an  automatic  switch 
causes  the  d-c  motor  to  assume  the 
load,  operating  from  storage  bat¬ 
teries. 

As  an  additional  precaution,  the 
clocks  in  all  studios  are  placed  on 
one  circuit,  while  those  in  all  stu¬ 
dio  control  booths  are  placed  on 
another  circuit.  Thus,  if  trouble 
should  develop  in  one  circuit  the 
programming  staff  would  have  re¬ 
course  to  the  clocks  on  the  remain¬ 
ing  circuit. 

When  checking  the  master  clock 
with  Naval  Observatory  time  sig¬ 
nals,  the  engineer  in  charge  may 
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ilLn(S(5)[a  URSSo  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

Ixport;  Ad  Auritma,  89  Broad  St.,  New  York,  U.  S.  A.  Cablo:  Aurioma,  New  York 


The  will  to  produce  the  rotary  electrical  units  our  hght- 
ing  forces  need  is  a  vital  factor  in  the  rapid  growth  of 
Eicor.  It  has  led  to  many  important  developments  by  Eicor  Engineers. 

Today — this  will  to  produce  is  given  new  impetus  by  a  further  ex¬ 
pansion  of  the  means  of  production.  Our  larger  plant  and  increased 
facilities  for  precision  manufacture  provide  the  opportunity  to  pro¬ 
duce  more  . . .  faster — more  Dynamotors,  D.  C.  Motors,  Converters, 
Power  Plants  and  other  units  for  planes,  tanks,  ships,  and  field 
equipment.  It  will  also  enable  us  to  provide  better  units  for  your 
peacetime  needs  after  the  battle  is  won. 


An  inter-oiiice  diitribution  panel  for  the 
precision  clock  control  circuits 


speed  up  or  retard  the  entire  time 
clock  system  for  correction  purposes 
by  bringing  into  play  either  one  of 
two  secondary  tuning  forks.  One  of 
these  vibrates  at  65  cps;  the  other 
at  55  cps.  The  actual  correction  is 
accomplished  automatically,  the 
proper  correction  frequency  being 
applied  for  the  required  period  of 
time  by  an  auxiliary  clock  device. 

The  new  system  is  now  transmit¬ 
ting  time  signals  to  the  NBC  net¬ 
work  at  9  AM  and  at  5  PM,  GWT. 
Each  of  the  pulses  transmitted  con¬ 
sists  of  a  750  cps  tone  of  approxi¬ 
mately  one-half  second  duration, 
transmitted  at  a  volume  somewhat 
less  than  that  of  programs  carried 
on  the  same  lines.  The  reduced 
volume  minimizes  any  objections  by 
listeners  if  the  time  signals  should 
occur  during  broadcasts. 


Designed  for  the  engineer 
who  aims  for  greater  production 


MATHEMATICS 
OF  MODERN 
-ENGINEERING- 


Volume  II  Mathematical  Engineering 

w  By  ERNEST  G.  KELLER 

Published  This  Year! 

Those  aspects  of  mathematics  which  pertain  to  engineering  are  presented 
in  this  top-notch  volume,  jam-packed  with  information  which  bridges  the 
gap  between  physics  and  mathematics  by  the  scientific  method.  Like  the 
already  famous  Volume  I,  this  new  volume  is  a  practical,  usable  book 
which  will  prove  invaluable  to  .student,  engineer,  architect,  or  anyone  else 
concerned  with  structural  problems. 

The  material  is  the  product  of  the  theoretical  engineering  work  of  the 
General  Electric  Company,  and  includes  many  references  and  numerous 
problems  of  varying  degrees  of  difficulty. 

THE  CONTENTS:  Engineering  D^-namics  and  Mechanical  Vibrations;  Introduction  to 
Tensor  Analysis  of  Stationary’  Networks  and  Rotating  Electrical  Machinery;  Non¬ 
linearity  in  Engineering. 

309  Pages  Illustrated  6  x9  $4.00 

Volume  III  Now  in  Preparation 

Let  Us  Send  You  Your  Copy  on  Approval 

JOHN  WILEY  &  SONS,  INC. 


I\DUCTION  PROBES  FOR 
MEDICAL  USES 


Samuel  Berman.  New  York  engineer,  holds 
two  of  his  electromagnetic  induction 
probes,  designed  to  speed  the  location  of 
imbedded  metal.  The  device  can  be  used 
directly  in  an  incision  and  in  some  in¬ 
stances  has  cut  the  probing  time  from 
three  hours  to  ten  minutes 
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^  Power  Amplifier 
Performance 

(Continued  from  page  56) 


i  slight  effect  upon  the  driving  power 
I  or  grid  dissipation.  If,  on  the  othe  • 

I  hand,  power  output  is  a  primary  con- 
1  sideration,  we  would  move  A  slight!' 

I  in  the  direction  (6)  until  the  plate 
I  or  grid  dissipation  would  limit  oper¬ 
ation.  The  possible  positions  which 
I  A  may  assume  on  the  e*  plate  ai  f 
I  restricted  by  excessive  electrode  dis¬ 
sipation  in  the  manner  indicated 
qualitatively  on  Fig.  5. 
j  The  calculating  device  which  has 
been  described  has  been  used  quite 
j  successfully  by  the  students  at  the 
j  Illinois  Institute  of  Technology.  A 
j  zinc  plate  was  made  of  the  drawing 
;  shown  in  Fig.  6,  and  the  calculators 
were  printed  from  it  on  plastic 
sheets.  It  was  found  convenient  to 
include  on  the  sheet  the  formulae 
used  in  the  calculating  process,  so 
i  that  they  might  be  readily  available. 
The  book  store  at  the  Illinois  Insti¬ 
tute  of  Technology  or  the  Harvard 
Cooperative  Society,  Harvard  Square, 
Cambridge,  Massachusetts,  will  be 
glad  to  supply  the  calculators,  at 
manufacturer’s  cost,  to  anyone  who 
desires  them. 

REFERENCES 

(1)  E.  L.  Chaffee.  A  Simplified  Harmonic 
Aiial.vsis,  Rev.  Sci.  Inutr.,  7,  .384.  ll>.3fi. 

(2)  E.  L.  Chaffee.  The  Operatim:  i'iiarac 
teristics  of  Tower  Tul»es.  Jour.  Ai}iiliril 
J'hi/Hirs,  !».  471.  1!*.38. 

•  •  • 


NEW  NAVAL  HOSPITAL 


A  new  Naval  medical  center  with  the 
most  modern  medical  devices  was  opened 
recently.  Commander  C.  F.  Behrens  is 
shown  adjusting  the  Kieifer  laminagraph 
machine,  which  is  used  ior  x-rays  oi  any 
predetermined  layer  in  the  body,  without 
showing  any  other  tissues 
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“MEGGER"  Tester 
is  /ICIV/iyS  RlAdy  for  use 

When  the  need  arises  for  emergency  insula¬ 
tion  testing  of  electrical  equipment— it  calls  for  immediate  and 
positive  action.  “Megger”  Insulation  Testers  are  always  ready 
for  use,  day  or  night,  even  in  the  most  remote,  isolated,  inac¬ 
cessible  locations.  The  self-contained  hand-cranked  generator 
is  a  source  of  power  that  is  reliable  and  wholly  independent 
of  any  battery  or  other  outside  source.  The  “Megger”  Tester 
is  a  complete  unit  in  itself. 

For  occasional  use,  for  periodic  tests  and  for  emergency 
tests,  your  “Megger”  Tester  is  always  ready.  If  you  do  not  have 
full  information  on  how  to  use  and  operate  “Megger”  instru¬ 
ments,  write  immediately  for  a  free  copy  of  the  Pocket  Manual 
of  “Megger”  Practice,  No.  142C-L. 
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Telescoping  Antenna 


(|re^ 

On  Sea! 

On  Land! 

In  the  Air! 


For  Fixed  or  Mobile 
Communications  Duty 


Standard  designs  in  Premax  Adjustable 
Telescoping  Antenna  are  meeting  the 
rigid  requirements  of  the  fighting 
forces.  Send  for  Bulletin  or  let  us  have 
your  specifications  for  special  designs. 


emax  F^ocJuc'ls\ 


Division  Chisholm-Ryder  Co.,  fnc. 

4302  Hipliland  .As*-..  Niagara  Falls.  N.  Y. 


UHF  and  MICROWAVE 
Precision  Frequency  Meter 


{  RECOMMENDED  FOR: 

11  *  Production  testing 

•  Measurements  of  oscillator  drift 

I  •  Independent  alignment  oi  transmitters 
!  and  receivers 
I  _  _ 

*  Precise  measurements  oi  frequencies 
ii  COMPLETELY  PORTABLE 

I  BATTERY  or  AC-OPERATED 
1  ACCURACY  0.1% 

Models  available  from  100  to  4000  mega¬ 
cycles  with  2  to  1  frequency  coverage  on 
!;  each  model. 

MICROWAVE  EQUIPMENT 

NEW  JERSEY 


Avoiding  Patent 
Pitfalls 

(Continued  from  page  78) 

himself  translate  his  abstract  idea 
into  an  embodiment  in  order  to  pro¬ 
vide  the  basis  for  a  patentable 
invention. 

Record* 

The  necessity  of  keeping  records 
of  the  invention  and  all  work  relat¬ 
ing  thereto  is  due  to  the  fact  that  in 
this  country  a  patent  is  granted  to 
the  first  inventor.  If  two  or  more 
inventors  apply  within  certain  time 
limits  for  a  patent  covering  the  same 
invention,  the  Patent  Office  assumes 
that  the  applicant  who  filed  his  ap¬ 
plication  first  is  also  the  inventor, 
but  gives  the  later  applicant  the 
opportunity  to  contest  this  position 
and  to  prove,  if  he  can,  that  he  is  the 
first  inventor  and  entitled  to  the 
patent  although  he  is  the  later  ap¬ 
plicant.  The  proceedings  instituted 
by  the  Patent  Office  to  determine  the 
priority  of  inventorship  is  called  an 
“interference”.  The  decision  on  the 
priority  of  inventorship  is  made  by 
the  Patent  Office  on  the  basis  of  the 
evidence  submitted.  This  evidence 
consists  of  the  records  kept  by  the 
inventor  and  his  co-workers,  if  any, 
his  oral  testimony  as  well  as  that 
of  his  co-workers  and  other  wit¬ 
nesses.  Since  oral  testimony  alone 
does  not  carry  too  much  weight, 
written  records  are  of  great  im¬ 
portance. 

The  important  factors  in  an  in¬ 
terference  proceeding  are  the  con¬ 
ception  of  the  invention,  the 
disclosure  thereof  to  others,  con¬ 
tinuous  diligence  in  completing  and 
perfecting  the  invention,  the  reduc¬ 
tion  to  practice  thereof,  and  the 
filing  of  a  patent  application. 

There  are  two  types  of  reduction 
to  practice  which  constitute  a  com¬ 
pletion  of  the  invention,  actual 
reduction  to  practice  by  successful 
operation  of  a  model  or  of  the 
method  according  to  the  invention, 
and  con.structive  reduction  to  prac¬ 
tice  by  filing  a  patent  application. 
Both  types  generally  bear  the  same 
weight. 

The  evidence  of  these  acts  on  the 
part  of  the  inventor  must  be  conclu- 
I  sive  as  to  fact  and  date. 

In  order  that  a  later  applicant 


New! 

HAVDON  MFC.  CO..  IK 

Forestville,  Conn. 

Makers  of 

Haydon  Timing  Motors 

Announces 

A  New  Timing  Motor  Construc- 
tion  which  allows  instant 
Automatic  Reset  of  the  Motor 
Shaft 

-  FOR  USE  IN  - 

Automatic  Reset  Timers,  Time 
Delay  Relays,  Vacuum  Tubes 
Circuit  Controls,  Etc. 

Extensively  used  in  Plate 
Circuit  Time  Delays  for  Com¬ 
munications  Equipment. 

Counter¬ 
balanced 
Clutch 
Releases 
Gear  Train 
Upon  Current 
Interruption 

Thin  is  only  one  of  a  Complete 
Line  of  Hnydon  Timing  Motors. 
Haydon  Employees  are  lOO^c 
— lO^c  rw  ar  Hand  Pur¬ 
chases. 
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HEAVY-DUTY 


the:  LINDH  AIR  PRODUCTS  COMPANY 

Umt  of  Union  Carbtdt  and  Cordon  Corporution 
,'iO  t  Ifcil  Si  ,  Nrw  York  Offurk  in  F’rin'‘ij>Al  C  ilit‘» 

In  Canada  .  [>ominion  Ovv^rn  CorTVpan> ,  Ltd..  1  oronl^ 


In  Canada:  AEROVOX  CANADA  LTD.,  Hamilton,  Ont. 


EXPORT:  100  Varick  St,  N.  Y..  Cable  ‘ARLAB’ 


may  prevail  over  an  earlier  appli-  i 
cant,  it  is  necessary  that  the  later 
applicant  present  a  complete  history 
of  his  activities,  supported  by  evi-  | 
dence,  consisting  of  a  preferably  : 
uninterrupted  chain  of  events  in  the  | 
sequence:  conception  of  the  inven-  I 
tion,  disclosure  to  others,  diligence 
in  perfecting  and  completing  the  in¬ 
vention  and  (a)  actual  reduction  to 
practice  and  filing  of  a  patent  appli¬ 
cation  or,  (b)  constructive  reduction  j 
to  practice  by  filing  a  patent  appli¬ 
cation.  The  earlier  applicant  may 
also  present  a  complete  history  of 
his  activities  or  rely  solely  on  his 
constructive  reduction  to  practice  as 
evidenced  by  the  filing  of  the  appli¬ 
cation,  if  he  believes  the  opponent’s 
case  is  weak  or,  if  he  has  insufficient 
evidence  to  support  his  history. 

Due  to  particular  fact  situations 
in  the  activities  of  the  contestants 
various  complications  can  arise,  i 
which  will  not  be  discussed  here.  j 

The  best  proof  of  conception  is  a  : 
complete  description  of  the  embodi¬ 
ment  of  the  invention  shown  in  the 
patent  application,  preferably  illus¬ 
trated  where  feasible,  written  by,  or 
at  least  signed  by  the  inventor  and 
bearing  the  date  of  the  signature. 

Proof  of  disclosure  is  established 
by  having  the  person  to  whom  the 
disclosure  is  made,  sign  the  descrip¬ 
tion  under  the  words  “witnessed  and 
understood”,  together  with  the  date 
of  the  signature.  It  is  essential  that 
the  person  to  whom  the  disclosure 
is  made  be  sufficiently  skilled  in  the 
art  to  which  the  invention  relates, 

I  to  understand  the  invention,  other¬ 
wise  the  disclosure  is  not  considered 
i  valid. 

Diligence  in  perfecting  or  com- 
I  pleting  the  invention  or  in  prepar¬ 
ing  a  patent  application  must  be 
I  proven  in  order  to  show  that  the  in- 
j  vention  was  not  abandoned.  Dili¬ 
gence  may  consist  in  improving  the 
embodiment  of  the  invention,  in 
j  calculations  to  determine  preferred 
i  dimensions  of  the  elements  of  the 
I  invention,  in  work  on  a  theory  of 
I  operation,  or  in  work  leading  to  the 
i  construction  of  a  model  or  to  the 
operation  of  the  method  according 
to  the  invention.  Diligence  may  also 
'  consist  in  the  preparation  of  a  pat- 
i  ent  application,  but  it  should  be 
noted  that  the  applicant  cannot  be 
excused  for  any  lack  of  diligence  on 
the  part  of  his  attorney. 

Actual  reduction  to  practice  can  be 
proven  by  recording  the  successful 


^  Pro- 
ertrmmmU  Offi- 
etmU  ...  writ* 
for  (hu  It-po$o 
InduttHol  Cal- 
alof  iMno/ 


THE  GREATER  INSULINE 
COMPLETELY  GEARED 
to  tho  floods  of 

THE  ARMED  SERVICES! 


Our  greatly  enlarged  plant  and  facilities  are 
completely  devoted  to  manufacturing  these 
Electronic  Products  and  Parts  for  the  Armed 
Services:— 


O  Metal  Cabinets,  Chassis,  Panels 

•  Metal  Stampings  •  Name  Plates, 
Dkds  O  Plugs  and  Jacks 

O  Completely  assembled  Screw 
Machine  Products 

•  Hardware  and  essentials 

O  Antennas  for  "Walkie- 
AIRlV  Talkies".  Tanks,  etc. 


#  For  oil-filled  capacitor  performance  and 
dependability  in  compact  assemblies, 
AeroTox  "bathtub"  capacitors  are  the 
logical  choice.  The  non-inductiye  oil- 
impregnated  paper  sections  are  encased 
in  o  one-piece  drawn  metal  case,  with 
a  soldered  bottom  plate,  hermetically 
sealing  the  capacitor.  Terminals  are  of 
the  "double  rubber  bakelite"  AeroTox 
construction,  for  an  absolutely  immer¬ 
sion-proof  job.  These  space-saver  oil 
capacitors  are  known  for  their  long  and 
continuous  service. 


Maaafoelurtrr  d  Oonlrtefart: 
Smtd  tpoeilUttuiiu  tor  ertimottr. 


ACROVOX 


IXTURES 


.  .  .  Spectroscopically  Pure 
.  .  .  Easily  removed  from  bulb 
without  contamination 
Scientific  uses  for  Linde  rate  gases  include — 

1.  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  stroboscopic 
devices. 

3-  Metallurgical  research. 

4.  Work  with  inert  atmospheres,  where  heat 
conduction  must  be  increased  or  decreased. 

Many  standard  mixtures  are  available. 
Special  mixtures  for  experimental  purposes 
can  be  supplied  upon  request. 

The  word  "Linde"  is  a  trade-mark  of 


-impregnated 

•  dual  and 


AOO  to  1000  V.  E 
capacities  and 


Choice 


combinations. 


•  These  and  other  heavy-duty  capacitors  core 
listed  in  our  Transmitting  Capacitor  Cotalog. 
If  you  still  lack  this  catalog  in  your  working 
library,  write  on  your  business  stationery  for 
your  copy. 


MIW  BEDFORD.  M«$.,  j.  S.  *.» 
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|l  Argon 

HELIUM 

KRYPTON 

II  NEON 

Xenon 

MIXTURES 

.  .  .  .  Accuracy  and 
dependability  are 
built  inta  every 
Bliley  Crystal  Unit. 
Specify  BLILEY  for 
assured  perfarmance. 


BLILEY  ELECTRIC  COMPANY 

ERIE,  PA. 


UNION  STATION  BUILDING 


operation  and  preferably  demonstra¬ 
tion  thereof  to  others.  Proof  of  the 
constructive  reduction  to  practice 
obviously  lies  in  the  patent  appli¬ 
cation. 

Records  should  preferably  be  kept 
in  a  bound  notebook  in  which  daily 
entries  of  the  inventor's  activities 
are  made.  Notes  not  relating  to  the 
invention  need  not  be  revealed  in 
the  interference  proceedings. 

It  is  essential  that  the  disclosure 
show  all  elements  of  the  invention 
and  their  correlation.  If  the  inven¬ 
tion  relates  to  a  device  for  use  in  a 
complex  system,  care  should  be 
taken  to  show  how  the  new  device 
fits  into  the  complete  system.  Con¬ 
ventional  elements  may  be  shown  by 
For  inven- 


HESISTORS 


I  T  HESE  widely  used  Resistors  are  favored 

1  *  because  their  end 

^  1  durability  and  because  they  retain  their 

ii  I  values  and  characteristics  under  extremes 

U  i  of  temperature,  humidity  and  climatic 

type  65X  1,1  1  changes. 

„  '*  I  1  STANDARD  RANGE 

the  lower  voi***  1  1000  ohms  to  10  megohms. 

[OR  OULLETIH  37  1  NOISE  TESTED 

,  fiCTRllS  I  slight  additional  cost,  resistors  in  the 

FULL  Uklfs  •*  1  Standard  Range  are  supplied  with  each  resis- 

...tions  of  the  \  tor  noise  tested  to  the  following  standard: 

*  S  S.  White  Molded  \  fl,,  complete  oudio  freqeeeey 

**  ®  j  "gives  details  1  range,  resistors  shall  have  less  noise 

'  .  d'.nensions,  j  1  than  corresponds  to  a  change  of  re* 

•jjL  "p.ire  List  will  be  rnailed  sistance  of  1  part  in  1 ,000,000." 

.t'  . . .  w  *  .  .  .«c 


blocks  bearing  legends, 
tions  relating  to  electrical  circuits  it  I 
may  suffice  to  provide  the  circuit  | 
terminals  with  the  proper  legends  to 
indicate  its  relationship  with  associ-  I 
ated  circuits.  For  inventions  relat-  j 
ing  to  tubes,  a  characteristic  circuit 
is  preferably  shown,  or  at  least  the  j 
leads  to  the  various  electrodes 
marked  by  the  proper  legends. 

Some  inventors  are  much  con-  i 
cemed  about  establishing  the  proof  j 
of  the  dates  of  their  records.  If  a 
witnessed  notebook  is  kept  in  which 
entries  are  made  regularly,  no  diffi¬ 
culty  arises  in  convincing  the  Patent 
Office  of  the  veracity  of  these  dates. 
So  much  thought  is  given  to  the 
dates  that  sometimes  the  importance 
of  the  subject  matter  of  the  records  j 
is  overlooked,  particularly  the  com¬ 
pleteness  of  the  disclosure.  An  in-  | 
complete  disclosure  even  with  a  per¬ 
fectly  established  and  proven  date  is 
worthless. 

The  records  should  include  notes 
relating  to  the  ordering  and  receipt 
of  materials  and  parts  needed  to  a 
model  of  the  invention,  for  the  pur¬ 
pose  of  explaining  inactivity  over 
any  appreciable  length  of  time.  The 
purpose  of  such  notes  is  to  prevent 
inactivity  during  periods  of  waiting 
from  being  construed  as  evidence  of 
an  abandonment  of  the  invention, 
which  can  happen  if  the  lack  of  ac¬ 
tivity  is  unexplained  or  inexcuseable. 
Other  business  is  not  an  acceptable 
excuse  for  inactivity. 

If  models  of  mechanical  inventions 
are  made,  they  should  be  preserved 
in  exactly  the  same  condition  in 
which  they  were  first  successfully 
operated.  If  this  is  not  possible, 
photographs  showing  all  significant 
ietails  should  be  made,  preferably 


TH*  S.  S.  Whit*  Dental  Miq.  Co. 

-INDUSTRIAL  DIVISION- 
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showing  a  calendar  page  with  the 
date  on  which  the  photograph  was 
taken.  A  model  from  which  vita! 
parts  have  been  removed  is  mostly 
useless  as  evidence  of  a  reduction  to 
practice. 

The  importance  of  all  these  rec 
ords  might  be  questioned  in  view  of 
the  fact  that  many  patents  are  is 
sued  on  applications  which  never 
became  involved  in  interferences. 
How'ever,  it  is  not  possible  to  foretell 
w'hether  another  inventor  has  filed 
an  application  on  the  same  inven¬ 
tion,  and  the  probability  that  this  is 
the  case  is  relatively  high,  since  the 
same  problems  are  being  attacked 
simultaneously  by  a  number  of  dif¬ 
ferent  inventors.  If  the  invention 
is  worth  the  expense  of  filing  a  pat¬ 
ent  application,  it  is  certainly  worth 
while  to  keep  accurate  records, 
thereby  to  safeguard  the  rights  to  a 
patent  as  much  as  possible. 


Industrial  Condsnssr  Corp.  through 
a  nsw  distribution  plan  onablos  you 
to  socuro  Mmall  lots  of  condsnssrs 
locally.  Contact  tho  Industrial  Con* 
dsnssr  district  office  nsorsst  you: 

AOORBSS  TBLEPHONB  NO. 

Sox  1052 

Oatlas.  Texas  Logan  ••lesS 

117  Water  St. 

Boston.  Mass.  Hancock  0200 

1406  S.  Grand  Ave. 

Los  Angeles,  Calif.  Richmond  6161 

Sox  1202 

Astieville,  N.  C.  7146-J 

27  Rark  Riace 

New  York,  N.  Y.  Sarclay  7-4677 

Rm.  220— Medical 
Arts  Bldg. 

34th  and  Broadway 

Kansas  City,  Mo.  Westport  5323 

1456  Waterbury  Road 
Lakewood  (Cleveland), 

Ohio  Academy  4632 

2434  W.  22nd  St. 

Minneapolis,  Minn.  Kenwood  2633 

1135  Lincoln  Tower 
rt.  Wayne,  Ind.  Anthony  5276 

2016  Third  Ave. 

Seattle.  Wash.  Seneca  1066 

Luta  (Tampa).  Florida  66-144 
6432  Cass  Ave. 

Detroit,  Mich.  Madison  6300 

401  N.  Broad  St. 

Rhiladelphia,  Ra.  Walnut  4163 

235  6th  St. 

San  Francisco,  Calif.  Market  4166 


ENGINEERS  ATTENTIONI  Condensers  inunedioteJy  araiJabJe  irom  distributor's 
stocks  moot  Army  and  Nary  roquiiomonts  .  .  .  Industrial  Condensers  are  speci¬ 
fied  wboTo  precision  is  ▼ital  .  .  .  Capacitors  to  150,000  volts — WHITE  FOR  COM¬ 
PLETE  NEW  CATALOG.  , 


Information  required  by  the  attorney 


It  is  necessary  that  all  informa¬ 
tion  concerning  the  invention  be 
transmitted  to  the  attorney.  It  is 
his  business  to  convince  the  Patent 
Office  that  the  invention  submitted 
is  new  and  useful  and  merits  a  pat¬ 
ent,  and  for  this  purpose  he  requires 
all  information  available  to  the  in¬ 
ventor  as  to  the  aims  of  the  inven¬ 
tion,  the  improvement  which  the 
invention  represents  over  known  de¬ 
vices,  structures  and  methods,  and 
wherein  it  differs  therefrom.  The 
complete  disclosure  of  the  invention 
together  with  all  records  pertaining 
to  the  invention  should  be  shown  to 
the  aiijrney.  He  should  also  be 
made  familiar  with  the  theory  of 
operation  of  the  invention  and  with 
the  equivalents  of  the  elements  of 
the  embodiment  which  can  be  used 
successfully,  in  order  to  enable  him 
to  choose  terms  of  proper  scope  in 
the  claims. 

The  inventor  should  familiarize 
the  attorney  with  the  embodiment 
of  the  invention,  as  well  as  its  aims, 
advantages  and  novelty.  The  time 
required  therefor  is  well  spent  and 
the  inventor  should  keep  in  mind 
that  the  attorney  is  usually  not  as 
familiar  as  he  is  with  the  particular 
problems  leading  to  the  invention, 
and  therefore  should  not  place  upon 
the  attorney  the  burden  of  recon¬ 
structing  or  and  re-inventing  the 
invention  from  meager  information 
supplied. 


INDUSTRIAL  CONDENSER  CORP 


1725  W.  North  Aro. 


Chicago,  U.  S.  A.  — IFRT 
Monufoefurer,  of  Quality  OH,  Wax  and  Eloctrolytle  Cepaeltort 


2000  Delicate  Reeds  Daily  for  1st 
American  Made  Frequency  Meter 

"The  new  model  30-F  Vibrating  Reed  Frequency  Meter  manufactured  under  Triplett  patents 
pending,  incorporates  a  precisely  shaped  special  spring  material  metal  reed  .0045"  thick. 

"This  meter  of  exclusively  American  manufacture  requires  10  accurately  shaped  vibrating 
reeds  which  are  rapidly  and  economically  produced  by  women  operators  with  DI-ACRO 
EQUIPMENT.  The  reed  material  is  sheared  to  size  on  the  DI-ACRO  Shear  by  the  girl  in 
the  background.  The  operator  in  the  foreground  is  forming  reed  to  a  90°  angle  with  a  .010" 
precisely  formed  radius  at  point  of  angle. 

DI-ACRO 

are  ex- 

clusively  by  women 

larly  for  ^61  RIBHI 

"k'  ^ 60 

nance  has  been  re-  C 

quired  during 

months  heavy  '< 

Roland  M.  Bixler,  '  J  ' 

General  Manager  Rff 
for 


O'NEIL-IRWIN  MFG.  COMPANY 
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THE 


FRIREHILDvpegasus 

IS  A  WAR  HORSE  NOW 

This  mark  represents  Fairchild 
research,  advanced  engineering  de¬ 
sign.  and  superlative  craftsmanship. 
Today  it  is  concentrated  on  essential 
materials  for  war  requirements. 
Fairchild  Precision  Sound  Equipment 
is  irreplaceoble  for  commercial  pur¬ 
poses  for  the  present. 

TAKE  GOOD  CARE  OF  YOUR 
FAIRCHILD  EQUIPMENT 

In  order  to  protect  and  extend  its  life, 
our  Service  Department  will  lend 
every  assistance  possible.  Please  call 
upon  us. 


AVIATION  CORPORATION 

Bl  OC  Van  Wyck  BouUvord.  lomoica.  L.  1.  N.  Y. 


G.-'vernment  Departments,  Universities, 
Schools  and  Thousands  of  Individuals 
Have  Bought  this  Booklet. 

WHY? 

Because  it  is  the  Krst  up-to-date  treatise 
en  the  oU-important  new  ultra-hlgh-ire- 
quenCT  technique. 

In  plain,  simple,  understandable  text,  the 
phiiosophy  oi  ultra-high  irequencr  tech¬ 
nique  is  given  to  outline  the  nature  oi  the 
problems  at  frequencies  for  which  "line  oi 
sight"  transmission  is  oi  paramount  im¬ 
portance. 

By  means  oi  graphs,  tables,  ond  equations, 
the  more  importont  quantitative  results  are 
given  to  familiarise  the  technician  with 
the  general  magnitude  of  the  quontities 
involved — to  provide  a  sense  oi  quantita¬ 
tive  proportions  and  the  fitness  of  things. 
Finally,  since  u-h-i  technique  cannot  be 
treated  thoroughly  in  a  60-paqe  booklet  a 
convenient  bibliogrophy  is  included  at  the 
end  of  each  section. 

The  cost  is  SOo  per  copy — 35(f  each  in  lots 
oi  26  or  more — 

The  supply  is  limited — order  now. 

ELECTRONICS  EDITORS 

330  Wesf  42nd  $♦.  New  York.  N.  Y. 


Temperature 

Instrumentation 

I  {Continued  from  page  74) 

properties  which  are  (although  not 
in  order  of  importance):  (1)  Ac- 
i  curacy,  (2)  precision,  (3)  scale  law, 

I  (4)  unit  sensitivity,  (5)  ultimate 
I  sensitivity  and  dead  zone,  (6)  hys- 
I  teresis,  sticking,  etc.,  (7)  readabil¬ 
ity,  (8)  lag,  (9)  damping,  (10) 
stability  (and  its  opposite,  drift)  and 
(11)  error  source. 

Temperature,  the  Variable  Factor 

j  Some  electrically-trained  workers 
j  need  re-educating  when  entering  the 
I  field  of  temperature  instrumentation 
I  because  “That  peculiar  thing,  tem¬ 
perature,”  is  so  unlike  any  other 
measurable  magnitude.  It  is  an  in¬ 
tensive  magnitude,  like  voltage,  but 
here  the  resemblance  ends.  Voltage 
bears  an  exact  relation  to  other  elec¬ 
trical  magnitudes  and  its  scale  of 
values  from  microvolts  to  megavolts 
is  a  “regular”  scale.  Not  so  with 
temperature. 

When  you  read  an  indicating  am¬ 
meter  you  know  that  it  indicates 
what  the  current  is — not  what  the 
current  was  fifteen  seconds  ago. 
When  you  observe  the  indicating 
element  of  an  industrial  tempera¬ 
ture-responsive  system,  however, 
you  are  reading  what  the  tempera¬ 
ture  was — perhaps  only  a  quarter- 
minute  ago,  perhaps  a  quarter-hour 
ago.  And  if  the  reading  is  what  the 
temperature  was  a  quarter-second 
ago,  the  case  is  neither  average  nor 
typical  but  exceptional  because  there 
are  relatively  few  low-lag  electronic 
systems  today. 

1  It  is  in  connection  with  this  all- 
important  measuring  property, 
known  as  thermometric  lag,  that  the 
readers  of  Electronics  will  be  able 
to  make  their  greatest  contributions 
to  the  advancement  of  industrial 
temperature  instrumentation.  A 
study  of  Table  I  will  disclose  num¬ 
erous  opportunities.  Some  of  these 
opportunities  hcve  already  been  dis¬ 
covered.  As  far  back  as  1932-34, 
several  industrial  systems  were  de¬ 
veloped,  utilizing  low-lag  photocells, 
phototubes  or  total-radiation  receiv¬ 
ers,  some  with  and  some  without 
radiation  filters,  whose  output  was 
I  fed  to  electronic  amplifiers  and 
thence  to  indicators  and  recorders 
likewise  characterized  by  extremely 


Vital  Link  in  the  Victory 
Chain — Sensitive, 
Rugged  Microphones 


He  seldom  gets  a  hero’'^  mention,  but 
the  "man  with  a  mike”  plays  a  mighty 
important  part  in  modern  war.  Along 
with  the  pilots,  bombardiers,  gunners, 
and  men  with  more  spectacular  roles,  he 
is  in  the  thick  of  every  fight.  His  chief 
weapon:  a  small,  compact,  supremely  de¬ 
pendable  microphone — a  vital  unit  in 
his  supply  of  communication  equipment. 

Kellogg  Microphones  meet  the  high 
performance  standards  required  for  mili¬ 
tary  use:  excellent  sensitivity;  great  re¬ 
sistance  to  climatic  changes,  shock  and 
hard  usage;  accurate  transmission  of 
voice  frequencies;  etc. 

Kellogg  invites  prime  or  sub-contract¬ 
ors  of  the  U.  S.  Government  to  consider 
this  company  as  a  source  not  only  for 
microphones,  but  also  for  the  many  other 
types  of  communication  equipment  for 
military  use  which  this  45  year  old 
firm  is  equipped  to  manufacture  to  speci¬ 
fications. 

KELLOGG  SWITCHBOARD  &  SUPPLY  CO. 

6682  S.  Cicero  Avenue,  Chicago,  Illinois 


KELLOGG 

WHiHl  INOINttHIMO  AND  KtStAKCH  BUILD 
CommdMucatiOH. 

FOR  WAR  AND  PIACf 
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its  uncertainty  would  be  two  tent  13 
and  its  certified  accuracy  about  four 
tenths. 

In  industrial  temperature  work, 
sensitivity  is  often  preferred  to  ab¬ 
solute  accuracy.  This  is  particularly 
true  in  temperature  control  applica¬ 
tions,  where  speed  of  response  to 
temperature  changes  is  often  speci¬ 
fied  as  the  essential  requirement. 
Rapid  response  to  temperature 
changes  usually  means  sensitive¬ 
ness**  to  small  temperature  changes. 
Here,  then,  is  another  promising 
field  for  electronic  devices,  some  of 
which  possess  the  property  of  sensi¬ 
tivity  to  a  superlative  degree.  Sev¬ 
eral  excellent  starts  have  been  made, 
although  none  (to  the  author’s 
knowledge)  has  been  a  purely  elec¬ 
tronic  solution  to  this  particular 
problem. 

Closely  linked  with  ultimate  sensi¬ 
tivity  are  its  enemies,  friction  and 
other  effects  usually  denoted  by  the 
term  sticking.  This  term  is  usually 
applied  to  a  measuring  element  per 
se.  In  industrial  temperature  in¬ 
strumentation,  a  primary  measuring 
element  often  has  no  other  function 
than  to  actuate  the  relay  or  pilot  of 
a  servo  mechanism  which  in  turn  op¬ 
erates  a  recording  device,  a  rheostat, 
a  valve,  or  other  power-driven  unit. 
In  such  cases  the  primary  element 
commands  the  servo  without  effort. 
The  pilot  or  relay  must  not  impose 
any  drag  on  the  primary  element 
because  such  drag  would  impair  its 
sensitivity  and  accuracy.  To  this 
well-knowm  problem  of  temperature 
instrumentation,  the  science  of  elec¬ 
tronics  has  provided  four  distinct 
solutions : 

(1)  Retain  the  usual  temperature¬ 
measuring  system  which  ends  in  a 
deflecting  pointer  or  pen-arm.  To 
this  pointer  or  pen-arm,  associate 
without  contact  the  pick-up  of  an 
electronic  system.  This  is  the  solu¬ 
tion  introduced  by  a  Chicago  firm 
some  ten  years  ago.  Several  firms 
now  offer  it. 

(2)  Substitute  an  electrical  sys¬ 
tem  for  the  previously-used  temper¬ 
ature-measuring  system  ending  in  a 
pointer.  Make  the  electrical  output 
of  this  sy’stem  the  input  of  an  elec¬ 
tronic  system.  This  solution,  too,  is 
found  in  various  commercial  em¬ 
bodiments. 


low  lag.  Some  of  these  have  won  ac¬ 
ceptance  beyond  the  special  trial  in¬ 
stallations  for  which  they  were 
originally  made  to  order;  and  they 
are  on  the  market  today  in  practical 
forms.  None  of  them  is  customarily 
referred  to  as  an  electronic  type. 
This  is  not  due  to  prejudice  but  to 
usages  and  to  nomenclature  based  on 
functional  classification.  None  is 
“an  electronic  instrument”  to  a 
greater  extent  than  it  is  some  other 
functional  type.  Electronic  products 
minimized  the  lag  but  did* not  con¬ 
tribute  to  accuracy. 


Accuracy,  Sunsitivity  and  Sansitivnness 

This  brings  up  the  question  of  ac¬ 
curacy.  Here  again  some  electrical 
concepts  must  be  erased  from  one’s 
mind.  The  zero  point,  so  easily  at¬ 
tainable  in  electrical  phenomena  by 
simply  opening  a  circuit,  is  not  at¬ 
tainable  in  thermal  phenomena  be¬ 
cause  there  is  no  sure  way  of  re¬ 
moving  all  heat  from  a  substance. 
By  international  agreement,  the  ice- 
point  and  the  steam-point  (at  normal 
atmospheric  pressure  and  with  other 
precautions  specified)  are  assigned 
the  values  “0.000”  and  “100.000,” 
thereby  defining  the  fundamental 
interval  of  the  thermodynamic  scale. 
This  scale  is  only  an  ideal.  The  scales 
of  tangible  thermometers  and  pyrom¬ 
eters  follow  it  more  or  less  closely, 
depending  upon  factors  too  numer¬ 
ous  to  discuss.  Suffice  it  to  mention 
that  a  thousandth  of  a  degree  Centi¬ 
grade  is  the  limit  of  accuracy  be¬ 
tween  the  ice  point  and  steam  point, 
a  hundredth  of  a  degree  between  the 
steam  point  and  the  sulphur  point 
(44.60  deg.  C)  a  tenth  of  a  degree 
thence  to  the  silver  point  (960.5  deg. 
C)  and  only  one  degree  to  the  gold 
point  (1063  deg.  C).  It  is  not  per¬ 
missible  to  assert  that  a  pyrometer 
can  measure  the  temperature  of  steel 
with  an  accuracy  of  a  hundredth  of  a 
degree,  not  even  a  tenth  of  a  degree, 
because  the  nearest  reference  point 
on  the  International  Standard  is  de¬ 
fined  as  a  whole  degree.  Various  tem¬ 
perature  effects,  however,  permit 
measuring  temperature  changes  of 
a  millionth  of  a  degree  or  better.  The 
measuring  property  here  involved  is 
not  accuracy  but  sensitivity — spe¬ 
cifically  the  ultimate  sensitivity  of 
the  device.  Needless  to  say,  a  ther¬ 
mometer  guaranteed  accurate  to  a 
tenth  of  a  degree  will  probably  be 
sensitive  to  a  hundredth.  If  its  ulti¬ 
mate  sensitivity  were  only  a  tenth. 


COLLOIDAL  GRAPHITE 


Fw  Cathode  Ray  Tnhei 


A  coating  of  **dag*^  colloidal  graphite 
on  the  interior  walls  of  cathode  ray 
tubes  as  a  focusing  anode  provides 
the  following  advantages: 


1.  Being  a  conductor,  it  acts  as  a 
second  anode. 


2.  Being  opaque  with  a  dark  mat 
surface,  it  does  not  reflect  light 
from  the  elements. 


3.  It  resists  oxidation  and  acquires 
"getter"  properties. 


4.  It  is  easily  applied  to  all  types 
of  glass  and  metal. 


S.  It  eliminates  the  necessity  for  a 
silver  coating. 


For  complete  information  on  the  char¬ 
acteristics  of  “da«”  colloidal  graphite 
and  its  application  to  cathode  ray  tubes 
write  for  Bulletin  191K. 


ACHESON 

COLLOIDS  CORPORATION 


••  Sensitivenfs*  is  the  term  for  the  prop¬ 
erty  of  a  controller  also  known  as  •‘(loail 
zone”  and  sometimes  as  "differential  setting:.” 
It  is  always  greater  in  scale  value  than  thp 
sensifiritv  of  the  primary  measuring  element; 
example,  a  two  contact  thermostat. 
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(3)  Replace  the  old  temperature¬ 
measuring  system  by  a  strictly  elec¬ 
tronic  device  such  as  a  gas  or  vapor 
triode,  a  crystal  oscillator,  for  ex¬ 
ample,  which  is  temperature-sensi¬ 
tive.  Feed  its  output  either  to  an 
electronic  or  to  an  electrical  servo 
system.  The  author  has  heard  of 
this  being  done  but  he  had  not  yet 
seen  any  commercial  announcement. 

(4)  Replace  the  old  primary  sys¬ 
tem  and  servo  by  only  one  strictly 
electronic  device  which  is  tempera¬ 
ture-sensitive  and  whose  output  is 
sufficiently  powerful  to  operate  a  re¬ 
cording  mechanism,  a  solenoid  valve, 
a  proportional-action  voltage  regu¬ 
lator  or  even  a  proportional-action 
motorized  valve.**^ 

It  may  not  be  amiss  to  conclude 
with  a  quotation  from  one  of  the  au¬ 
thor’s  writings  on  automatic-control 
technology,  and  which  outlines  the 
essentials  of  a  satisfactory  tempera¬ 
ture  control  system. 

The  FoHr  Requirements 

A  thermometer  or  pyrometer 
merely  reports — as  would  a  subor¬ 
dinate  sent  by  a  manager  to  look 
over  a  situation;  an  automatic  con¬ 
troller  takes  action — as  would  an 

•••  This  piira;:ra(>h  roiistitiit*‘s  a  itartial 
disclosur,'  without  surrciidor  of  inventor's 
rights. 


SHORTWAVE  RADIO 
TRANSMITTER 


The  new  100  kw  transmitter  of  General 
Electric's  shortwaee  station  WGEO  in 
Schenectady,  is  one  oi  the  most  powerful 
s'ations  in  the  western  hemisphere. 
Hobert  E.  Sherwood,  director  oi  OTerseas 
stanch  of  Office  of  Wor  Information. 
'Hrows  the  switch  to  place  the  transmitter 
in  operation 


TetICON 

Design,  Development  and  Manufacture 

of 

SUPERSONIC 

INSTRUMENTS 

j^ot  all  aapUeatlonS  in 

Defense,  Industry,  Science, 

Medicine,  Short  Time  Measurements. 

Dn^uitUi  Welcomed 
305  East  63rd  Street,  New  York  City 


AMPERin 

BATTERY  CURRENT  A  VOITREE 

REGULATORS 


Features: —  J 

1.  Amperites  cut  battery 
voltoqe  fluctuation  from 
opproi.  50%  to  2%. 

2.  Hermetically  sealed  — 
not  affected  by  altitude, 
ambient  temperature, 
or  humidity. 

3.  Compact,  light,  and 
inexpensive. 

Now  used  by  U.  S.  Army. 

Navy,  and  Air  Corps. 

Send  us  your  problem. 


VOLTAGE  OF  24V  j  WITH  AM  PE  RITE 
BATTERY  &  CHARGER  i  VOLTAGE  VARIES 


VARIES  APPROX. 


PERITE  COMPANY  •  561  Broadway.  Now  York.  N.  Y. 

Ip  Canada:  AUos  Radia  Corp..  lid,.  560  Ijng  St  Ww  Toronto 
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CARTER  SOLVES 


For  many  year*,  Carter  Dynamotora  have  been  a  familiar  part  of,  the 
specification*  of  leadUng  Communication  Equipment  Manufacturer*, 
Police  Department*,  Government  Agencies,  etc.  May  we  suggest  you 
submit  your  Dynamotor  requirement*  too,  and  see  for  yourself  the 
reason  for  this  recognized  preference. 

The  latest  catalo*  of  Carter  Dynamotors,  Converters,  Permanent  Magnet  Generator* 
and  Dynamotors,  and  special  rotary  equipment  will  be  sent  upon  request. 


alert  executive  to  whom  reports  are 
submitted.  All  controllers  are  ac¬ 
tive,  operating,  “live”  devices,  to  Le 
judged  by  active  performance,  not 
by  passive  qualities. 

The  proper  performance  of  a  cot  - 
troller  depends,  as  does  that  of  a 
manager,  on  the  correctness  and 
timeliness  of  the  information  it  r  - 
ceives,  and  on  the  limits  within 
which  its  power  may  be  exercised. 
Summarizing,  we  lay  down  the  ba.'^ic 
requirements  for  automatic  control 
of  process  temperatures  in  industry: 

(1)  The  temperature  to  be  con¬ 
trolled,  or  its  variation,  must  be 
measurable.  No  controller  can  be 
better  than  its  primary  measuring 
element ! 

(2)  The  primary  element  of  the 
automatic  controller  must  be  suit¬ 
able  for  the  measurement  involved 
and  must  be  properly  installed, 

(3)  The  power  device  commanded 
by  the  control  instrument  must  ade¬ 
quately  control  an  adequate  source 
of  heat  supply. 

(4)  The  measuring  means  must 
command  the  corrective  means  ef¬ 
fortlessly,  i.e.,  without  having  its 
own  measuring  properties  impaired. 

Obvious  and  simple  as  are  these 
four  basic  requirements,  they  are 
sometimes  lost  sight  of  in  the  maze 
of  engineering  details  that  have  to 
be  taken  into  account  when  working 
out  elaborate  installations. 


PERMANENT 

MAGNETS 


'y he  \  mold  Engineering  f^ompany  produces 
all  ALNICO  types  including  ALNICO  V. 

All  Magnets  are  completely  manufactured  in 
our  own  plant  under  close  metallurgical, 
mechanical  and  magnetic  control. 

'phe  >\rnold  Engineering  (^ompany  freely 
offers  engineering  assistance  in  the  solution 
of  your  magnetic  design  problems. 

All  inquiries  will  receive  prompt  attention. 


JnE  Arnold  £ngineering  foMPANY 

147  EAST  ONTARIO  STREET 
CHICAGO,  ILLINOIS 

INVEST  10%  IN  WAR  BONDS  AND  STAMPS 


MOLECULES  WRIGGLE 
LIKE  WORMS 


Dr.  Raymond  M.  Fuoss,  of  the  General 
Electric  research  laboratory,  has  found 
that  some  molecules  wriqgle  like  worms 
when  an  alternating  electric  field  is  ap¬ 
plied  to  them.  This  phenomenon  has  been 
useful  in  the  development  of  artificial  silk, 
rubber,  and  many  plastics  used  for  elec¬ 
trical  applications  are  made  from  them. 
Drs.  Raymond  M.  Fuoss  and  D.  J.  Mead 
are  shown  with  the  apparatus  which 
makes  the  molecules  wriggle 


1606  Milwaukee  Are.  Carter,  a  well  known  name  In  radio  tor  over  twenty  years.  Cable:  Genemotor 
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Continuously  working  ol  copocity,  we 
ore  truly  "drawing  with  all  our  mightl" 
We  ore  proud  that  Wilbur  B.  Driver  Co. 
speciol  alloys  have  so  mony  vital  war 
applications  and  of  the  port  they  ore 
ploying  toward  the  final  complete  stran¬ 
gling  of  the  "Unholy  Three". 

Perhaps. we  con  help  you  moke  your 
product  do  its  port  more  effectively  or 
get  on  the  job  more  quickly.  Consult  us 
for  your  requirements. 


©WILBUR  B.  DRIVER  CO.©) 

^  NEWARK,  HEW  JERSEY  ^ 


or  eternity 


Single  Source  of  Supply 
for  Everything  in 
Electronics  and  Radio 


ALLIED  KADIO 


Remote  Control 


{Continued  from  page  60) 


switch  to  any  desired  position.  Actu-  | 
ation  of  the  release  key  energizes  the  ■ 
release  magnet,  through  the  off-nor-  ' 
mal  contact  of  the  switch,  and  re-  | 
stores  the  wiper  to  normal. 

In  conventional  telephone  practice, 
it  is  not  ordinarily  possible  to  have 
separate  operating  and  release  wires 
such  as  those  shown  in  Fig.  4D  and, 
aflditionally,  it  is  rarely  possible  to 
handle  the  power  required  by  the  ' 
stepping  magnet  over  the  small  re¬ 
mote  control  wires,  so  the  scheme 
shown  in  Fig.  4E  is  frequently  used 
to  accomplish  step-by-step  selection. 
The  operating  dial,  such  as  is  used  in 
the  usual  automatic  dial  telephone,  is 
equipped  with  tw’o  contacts  in  series 
with  each  other.  Contact  1  is  closed 
when  the  dial  is  not  in  use  and  con¬ 
tact  2  is  normally  open.  The  con¬ 
struction  of  the  dial  is  such  that  con¬ 
tact  2  is  immediately  closed  the  in¬ 
stant  the  dial  is  used  and  stays  closed 
throughout  the  entire  cycle  of  oper¬ 
ation.  Contact  1  is  alternately 
opened  and  closed  a  certain  number 
of  times  by  the  rotating  cam  in  ac¬ 
cordance  with  the  amount  of  rota¬ 
tion  of  the  dial.  Thus,  the  initiator 
circuit  is  open  until  the  dial  is  oper¬ 
ated  and  then  rapidly  opened  and 
until  rotation  of  the  dial 


Precious  lives  at  stake — that  was  the 
predominant  thought  in  the  minds  of 
Clarostat  engineers  while  developing 
this  split-winding  power  rheostat  now 
used  for  a  vital  fire-control  function  in 
our  fighting  planes. 

More  specifically:  330°  total  rotation. 
Two  resistance  sections  of  matched  re¬ 
sistance,  equally  disposed  about  a  cen¬ 
ter  section  of  virtually  zero  ohmage. 
Smooth  transition  froin  one  section  to 
another.  Control  must  operate  with 
very  low  torque  and  yet  with  positive 
contact  pressure  regardless  of  extremes 
in  temperature,  vibration,  orientation. 

This  new  control  was  produced  in  a 
few  days,  despite  a  new  mold,  new 
rotor  and  spring,  three-winding  strip. 
Today  it  is  standard  equipment.  Typi¬ 
cally  a  Clarostat  assignment — and  so¬ 
lution. 


closed 
ceases, 

When  studying  the  circuit  of  Fig. 
4E  it  is  particularly  important  to  re¬ 
member  that  relay  A  is  of  the  fast 
operating  type  and  that  w’hile  relay 
B  operates  quickly  it  releases  slowly. 
With  this  in  mind,  the  effect  of  ini¬ 
tially  closing  the  dial  circuit  by  clos¬ 
ing  contact  2  is  to  ground  one  side  of 
relay  .4  through  contacts  1  and  2, 
thereby  causing  relay  A  to  operate 
and  transfer  a  second  ground  con¬ 
nection  from  contact  3  to  contact  4, 
operating  relay  B.  When  relay  B  is 
operated  in  this  manner  it  closes 
contact  5, 
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preparing  a  circuit  to 
ground  for  the  magnet  of  the  rotary  , 
switch.  Thereafter,  transmission  of 
a  series  of  rapid  and  closely-spaced 
impulses  from  the  rotated  dial  causes 
rapid  operation  of  relay  A,  with  re¬ 
lay  B  remaining  energized  due  to  the 
fact  that  its  release  delay  time  is 
greater  than  the  spacing  times  be- 
tw’een  initiator  impulses.  Thus  cur¬ 
rent  flows  from  the  battery  attached 
to  the  rotary  switch  magnet,  through 
the  magnet  of  the  rotary  relay. 


Send  your  problem  to 

Glcirostat  Mfg.  Go.,  Inc. 

185-7  N.  6th  St.,  Brooklyn,  N.  Y. 


Save  time  and  trouble.  Use  this 
Allied  CataloK  for  quick  refer¬ 
ence — Kct  Eztrythinu  you  need] 
in  Electronic  and  Radio  supplies 
for  ennineeriiiK  coniinuiiications 
laboratory  and  industrial  appli- 
ca'ions — quickly  from  our  com¬ 
plete  stocks.  For  your  FREE 
copy  write 

ALLIED  RADIO 

Dept.  24- M -2  833 W. Jackson,  Chicago 


ELECTRONICS  —  December  1942 


TIME 

DELAY 

RELAYS 


MODEL  21 

FOR  TRANSMITTERS 

TIME  CONTROLS 
FOR  EVERY  PURPOSE 

Interval  Timers 
Running  Time  Meters 
Cycle  Timers 
Repeat  Cycle  Timers 
Time  Switches 
Signal  Control  Switches 
Multi-Contact  Timers 
Impulse  Timers 
Instantaneous  Reset  Timers 
Process  Timers 
Beacon  Flashers 
Siren  Timers 

WRITE  FOR  SALES  CIRCULARS 


through  closed  contact  5  and  through 
rapidly  opened  and  closed  contact  3 
to  ground,  stepping  the  ganged  arms 
of  rotary  switch  levels  No.  1  and  No. 
2  around  to  switch  points  corre¬ 
sponding  to  the  number  of  impulses 
transmitted  by  the  dial.  (Through¬ 
out  this  operation,  contact  6  remains 
open  and  rapid  action  of  interrupter¬ 
spring  contact  7,  actuated  by  the 
magnet  of  the  rotary  switch,  is  of  no 
j  consequence  while  this  condition  ap- 
I  plies.)  When  the  dialing  operation 
has  been  completed,  all  relay  contacts 
I  are  restored  to  the  positions  shown 
j  in  the  diagram  but  the  rotary  switch 
arms  are  resting  upon  some  particu- 
j  lar  switch  points.  It  will  be  seen  that 
!  when  this  is  the  case  the  magnet  of 
the  rotary  switch  is  energized  as  fol¬ 
lows:  current  flows  from  the  rotary 
switch  magnet  battery  through  the 
magnet  coil,  through  interrupter 
spring  contact  7,  through  one  of  the 
arms  on  the  level  No.  2  deck  of  the 
rotary  switch,  through  the  bank  wir¬ 
ing  of  this  switch  deck,  through  con¬ 
tacts  6  and  3  to  ground.  This  “hom¬ 
ing”  current  flows  through  the  ro¬ 
tary  switch  magnet  long  enough  to 
rotate  both  switch  arms  to  the  next 
I  switch  points  and  then  interrupter 
spring  contact  7  is  opened.  When 
contact  7  opens  current  flow  through 
the  rotary  switch  magnet  ceases  so 
contact  7  again  closes,  rotating  the 
rotary  switch  arms  to  the  next  switch 
points.  This  process  continues,  the 
switch  arms  rapidly  stepping  or 
“buzzing”  toward  the  home  position, 
until  the  arm  of  level  No.  2  reaches 
the  home  position  and  opens  the  cir¬ 
cuit.  The  system  is  thus  entirely  de¬ 
energized. 

A  variation  of  the  step-by-step  se¬ 
lection  scheme  may  be  accomplished 
by  the  use  of  relays  of  the  non-step- 
ping  variety.  Fig.  4F  shows  a  cir¬ 
cuit  commonly  known  as  a  “count¬ 
ing  chain.”  Closure  of  the  operate 
key  energizes  relay  A.  Operation  of 
relay  A  prepares  an  energizing  cir¬ 
cuit  for  relay  A'  through  contact  1 
and  the  release  key  but  A'  does  not 
operate  at  this  time  since  its  wind¬ 
ing  is  effectively  short-circuited  inas¬ 
much  as  both  the  operate  and  release 
keys  are  grounded.  As  soon  as  the 
operate  key  is  opened,  relay  A'  is  en¬ 
ergized  in  series  with  relay  A, 
through  the  previously  prepared  cir¬ 
cuit,  and  transfers  the  operating  cir¬ 
cuit  to  I'elay  B  by  opening  contact  2 
and  closing  contact  3.  Thus,  success- 
[  ive  closures  of  the  operate  key  oper- 
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ate  successive  pairs  of  relays  in  the  | 
chain  while  operation  of  the  release  ' 
key  restores  all  operated  relays.  The  | 
chain  may  be  made  endless  by  carry-  ! 
ing  the  locking  circuit  of  any  preced-  ! 
ing  pair  of  relays  through  a  break  ! 
contact  on  the  prime  relay  of  any 
succeeding  pair  and  by  carrying  the 
locking  circuit  for  the  last  pair  of 
relays  through  a  break  contact  on 
the  prime  relay  of  the  first  pair.  If 
this  is  done,  only  one  pair  of  relays 
will  remain  operated  at  a  time  yet 
the  chain  will  repeat  endlessly. 

A  time  relation  selection  scheme 
commonly  used  in  printing  teleg¬ 
raphy  consists  of  two  brushes,  driven 
by  local  motors  so  that  they  tra¬ 
verse  identical  switch-point  paths  at 
opposite  ends  of  the  transmission 
line.  A  circuit  of  this  type  is  shown 
in  elemental  form  in  Fig.  4G.  As  the 
sending  brush  passes  a  given  point 
the  receiving  end  brush  passes  a 
corresponding  point  and,  conse¬ 
quently,  if  power  is  applied  to  a 
given  point  at  the  sending  end  a  re¬ 
lay  may  be  operated  from  a  corre¬ 
sponding  point  at  the  receiving  end. 
Contact  1  merely  locks  the  particular 
relay  that  is  energized  in  the  operate 
position.  Time  relation  systems  of 
this  type  frequently  use  synchron¬ 
ous  electric  driving  motors  operat¬ 
ing  from  the  .same  a-c  power  source 
and  inter-connected  by  means  of 
three  wires.  Inasmuch  as  we  are 
here  concerned  primarily  with  the 
utilization  of  relays  in  remote  con¬ 
trol  work  such  motors  will  not  be 
discussed  in  greater  detail. 

Many  of  the  electrical  remote  con¬ 
trol  circuits  shown  in  elemental  form 
within  this  paper  may  be  used  in 
combination.  For  e.xample:  A  pair  of 
relays  such  as  those  shown  in  Fig. 
3C  could  be  inserted  ahead  of  the 
counting  chain  shown  in  Fig.  4F  to 
provide  impulses  to  the  counting 
chain  at  half  the  speed  of  impulses 
transmitted  by  the  operating  key  or 
initiator.  In  this  case  the  counter 
relay  would  operate  at  the  beginning 
of  one  impulse  and  its  associated 
prime  relay  would  operate  at  the  be¬ 
ginning  of  the  next  impulse.  With 
such  an  arrangement,  ten  selections 
could  be  made  using  five  pairs  of 
counters  and  two  inter-lock  relays. 

Literally  thou.sands  of  circuit  ac¬ 
tions  can  be  obtained  by  modifying 
and  combining  control  circuits.  Many 
additional  refinements  may  be  made 
by  using  such  circuits  in  combina¬ 
tion  with  vacuum  tubes. 
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Experimental 
Television  System 

(Continued  from  page  71) 

I  resor...we  at  the  desired  frequency 
j  with  the  tuning  capacitor  at  maxi- 
:  mum.  Any  attempt  to  trim  an  in- 
;  ductance  much  too  large  will  result 
in  a  tank  impedance  less  than  that 
'  obtained  using  a  parallel-tuned  cir- 
j  cuit.  As  the  tuning  range  obtained 
I  by  series-tuning  is  quite  restricted, 
it  is  usually  necessary  to  take  into 
I  account  the  capacity  involved  in 
coupling  to  the  following  stage. 

I  The  output  of  the  815  driver- 
amplifier  stage  is  transferred  by 
I  link  coupling  to  the  input  circuit 
of  the  final  amplifier,  and  is  largely 
dissipated  in  two  resistors  of  150 
ohms  in  series  across  the  grid  coil 
of  the  final  amplifier.  The  input 
I  impedance  of  the  final  amplifier  is 
thus  kept  low  and  good  regulation 
I  is  obtained,  while  sufficient  energy 
remains  to  drive  the  final  amplifier. 

Bias  for  the  final  amplifier  is  pro- 
i  vided  by  combining  cathode  and  bat- 
I  tery  bias.  Adjustment  of  battery 
bias  for  proper  operation  of  the 
final  amplifier  is  critical  -and  must 
be  made  carefully.  A  resonant  line 
plate  circuit  is  employed  in  the  final 
amplifier.  The  plate  is  tuned  by  ad¬ 
justing  the  shorting-bar  and/or  the 
disc-type  capacitor  across  the  line. 

The  power  supply  for  the  radio 
frequency  portion  of  the  transmit- 
j  ter  uses  two  type  83  rectifiers  and 
'  supplies  500  v.  A  similar  pow'er  sup¬ 
ply,  using  one  type  83  rectifier,  sup¬ 
plies  plate  powder  at  400  v  for  the 
modulator  unit. 

The  antenna  used  during  pre-war 
!  air  tests  was  a  three-quarter  wave 
folded  dipole  fed  by  an  open  two- 
wire,  440  ohm  transmission  line.  In¬ 
ductive  coupling  to  the  transmitter 
provided  sufficient  loading  and  was 
I  not  critical. 

^  Modulator  Unit 

j  The  modulator  unit  consists  of  a 
I  pre-amplifier  employing  an  1852  tube 
fed  directly  from  the  picture  tube 
through  a  transmission  line,  and 
two  807  tubes.  The  pre-amplifier  is 
capacitively  connected  to  the  modu¬ 
lator  stage  as  shown  in  Fig.  4. 

Originally,  the  transmitter  was 
grid-modulated  and  satisfactory 
;  linearity  of  modulation  necessitated 
operating  the  final  amplifier  in  such 
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a  manner  that  the  grid  would  just 
begin  to  draw  grid  current  at  the 
positive  peak  of  video  modulation 
(sync-pulses).  Despite  the  use  of 
battery  bias,  poor  regulation  of  radio 
frequency  driving  voltage  caused 
clipping  of  the  sync-pulses.  To 
avoid  this  condition  a  comparatively 
high  power  driver  was  used  and 
most  of  its  output  was  dissipated 
in  the  300  ohm  load  already  men¬ 
tioned. 

Under  these  conditions  it  was 
found  possible  to  obtain  linear  grid 
modulation  but  this  was  accom¬ 
plished  at  the  expense  of  power  in¬ 
put  and  final  amplifier  efficiency.  In 
an  effort  to  obtain  higher  pow'er  out¬ 
put  and  less  critical  operation  the 
circuits  w’ere  revised  to  permit  cath¬ 
ode  modulation.  The  addition  of  a 
d-c  restorer  tube  for  automatic 
background  control  was  contem¬ 
plated  as  a  future  addition.  It  was 
therefore  desirable  to  maintain  the 
d-c  coupling  between  the  radio¬ 
frequency  amplifier  and  the  modula¬ 
tor.  Such  coupling  also  resulted 
when  cathode  modulation  was  used. 
D-c  coupling  between  modulator  and 
r-f  amplifier  has  the  added  advantage 
of  eliminating  the  large  coupling 
capacitance  which  would  otherwise 
be  necessary  to  insure  satisfactory 
square  wave  response. 

The  400-ohm  resistor  in  the  cath¬ 
ode  circuit  of  the  modulator  was 
a  compromise  between  the  desire  to 
obtain  from  the  807  tubes  a  gain  as 
near  unity  as  practicable  and  yet 
not  place  an  excessive  impedance  in 
the  cathode  circuit  of  the  829  r-f 
amplifier.  It  was  further  desired  to 
retain  the  low  output  impedance  of¬ 
fered  by  the  807  when  connected  in 
this  fashion.  The  gain  of  the  modu¬ 
lator  stage  is  about  0.8.  The  output 
impedance  of  the  807  tubes  is  ap¬ 
proximately  70  ohms. 

Since  the  bias  on  the  grid  of  the 
807  tubes  is  produced  by  the  com¬ 
bined  action  of  the  plate  current  of 
these  tubes  and  the  plate  current  of 
the  829,  it  was  necessary  to  make 
provision  to  adjust  this  voltage  to 
the  proper  value.  The  voltage  be¬ 
tween  grid  and  cathode  at  the  807 
tubes  was  adjusted  to  20  v  by  means 
of  a  bucking  battery.  Before  turn¬ 
ing  on  the  modulator  power  supply 
it  is  necessary  to  reduce  the  buck¬ 
ing  voltage  to  zero  so  that  the  tubes 
do  not  heat  up  because  of  high  posi¬ 
tive  grid  voltage.  The  bucking  bat¬ 
tery  switch  can  later  be  set  to  the 
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na  T owers.  They 
combine  strong  effi¬ 
cient  coverage  with 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
I  Wincharger  Anten- 
'  na  Towers  are  being 
used  for: 

Commercial  Broadcasting 
Police  Work 

Signal  Corps  Air  Lines 
Ordnance  Plants 

To  be  sure  for  years  ahead 
-be  sure  to  specify  Win¬ 
charger  Antenna  Towers. 


complete  dependability 


WINCO  DYNAMUTunD. 
£wCO  DYNAMOTORS  are  built 
lor  all  types  of  service  .  .  •  f« 
.rating  temperatures  ranging  tr-w 
-40’  to  +65’  CenUgrade. 

COMPACT 
UGHT  WEIGHT 
minimum  A.C.RIPPI^ 

LOW  VOLTAGE  REGULATION 
Ity  features  in 

motors. 

WINCO  DYNAMOTORS  are  reg 

1  DYNAMOTORS  can  bo  designe 
to  meet  your  exact  need.  Our  con 
plete  free  Advisory  Engineenn 
Service  is  yours  without  obligatie 
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f 
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The  Dynamotor  designed  to 
insure  maximum  efficiency  at  all 
operating  altitudes  and  temper- 
atures. 
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proper  point,  as  indicated  by  plate  under  discussion  and  diagrammed  in 
current.  Fig.  5  was  set  to  operate  at  a  fre- 

The  output  impedance  of  the  cath-  quency  on  the  high  side  of  the  sig- 
ode-modulated  stage  is  given  by  nal  carrier  frequency  by  adjusting 
where  M  is  the  percentage  C,  and  tuning  the  circuit  to  126.75 
of  modulation  desired,  i?»  is  the  Me.  The  converter  grid  has  oscil- 
plate  voltage  and  /*  is  the  plate  cur-  lator  voltage  injected  into  it  through 
rent.  If  a  value  of  20  percent  (0.20)  C7,  which  is  of  the  postage  stamp 

is  assigned  to  M  and  the  values  of  variety  and  has  one  plate  drawn  out 
£■»  and  h  are  400  v  and  200  ma.  re-  to  the  near-minimum  capacity.  Os- 
spectively,  an  impedance  of  400  cillator  frequency  adjustment  must 
ohms  is  obtained.  It  is  therefore  pos-  take  this  capacity  into  consideration, 
sible  to  obtain  a  reasonable  match  Too  great  an  oscillator  voltage 
between  the  modulator  and  r-f  ampli-  should  not  be  injected  as  erratic  op- 
fier  impedances.  eration  results. 

Overall  adjustments  for  proper 

■  band-pass  require  that  considera- 

is  used,  it  was  found  advisable  to 
use  a  coupling  method  which  would 

114  Me  carrier  frequency.  Removal 

the  first  i-f  amplifier  of  the  receiver 

coupling  the  auxiliary  converter  to 
the  i-f  amplifier  and  this  was  drawn 
directly  over  the  grid  input  coil  of 
the  first  i-f  stage.  The  position  of 
the  link  over  the  grid  coil  appreci- 
.ably  affects  the  band-pass  of  the 
system.  Alignment  for  proper  band¬ 
pass  w’idth  3.5  of  Me  necessitated 
using  a  television  alignment  oscil- 
Unlike  audio  circuits,  video  ampli-  lator,  an  absorption-type  frequency- 
fiers  require  connection  of  proper  meter  and  a  cathode-ray  oscilloscope, 
polarity  if  the  standard  negative  Adjustment  of  capacitors  Ca  and  C,o 
modulation  is  to  be  obtained.  It  is  and  the  link  from  will  give  the 
interesting  to  note  that  cathode  full  band-pass  required, 

modulation  requires  a  signal  of 

polarity  opposite  to  that  required 

for  grid  modulation.  Change  from 
plate  output  at  the  modulator  to  Receiving  Systems 

cathode  output,  simultaneously  with  „  Robert.  ‘  Single  Unit  Video 

.  ,  -  ,  ,  ( onverter,”  Electkonics,  p.  31-34,  74,  Feb. 

the  change  in  the  type  of  modula-  i'jhs. 

,,  ,  i..  II  •  i.u-  Kngstrom,  E.  W.  and  Holmes.  R.  S., 

tion,  automatically  insures  this.  “Television  Receivers.”  Electro.nics  p  llS  31 

63-«6,  Apr.  1938. 

_  .  (3)  Engstrom,  E.  W.  and  Holmes,  R.  S., 

The  Receiver  Converter  “Television  I-F  Amplifiers.”  Electro.nics, 

p.  20-23,  June  1938. 

The  design  of  a  converter  for  re-  Angstrom,  e.  w.  and  Holmes,  r.  s.. 

Television  Synchronization.  Electronics, 

ceiving  114  Me  video  signals  pre-  p.  is-21,  Xov.  1938. 

.  ,  ,  ,  i  Engstrom,  E.  W.  and  Holmes.  R.  S., 

sents  several  problems  of  interest  “Television  Deflection  Circuits.”  Electronics. 

ij  II  •  :  i.  P-  19-21.  32,  Jan.  19.39. 

SinC6  tn6  points  n3\6  (6)  Fink,  <.i.,  “A  Ijaboratory  Television 

to  be  carefully  considered:  (1) 

oscillator  stability,  (2)  minimum  “Ji.fo- 

'  Part  III — p.  22  2.1.  Sept.  1938 

interaction  between  oscillator  and  i‘«rt  iv— p.  16-19,  oct.  i938 

,  ^  ,  ,  Part  v— p.  2«-29.  Nov.  1938 

converter,  (3)  temperature  and  hu-  Part  vi— p.  10-19.  Dec.  i938 

a?  j.  j  /  4  \  j  Fink,  D.  O..  “Television  Receiver  for 

midity  effects  and  (4)  adequate  the  Home,”  electronics,  p.  10-22.  sejit. 
K  A  .  19.39. 

Dana-pass.  (g)  Goldsmith.  T.  T.,  “Receivers  for 

TVip  11  ji Av  in  f’ViP  PAnvPi^f’Pi*  X^*l6vi8ion  I  sin^  Fl^^ctrostatic 
me  oaciiiaioi  in  me  convener  kkkctkomcs.  p.  ir.-io.  Juno  iimo. 
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Opportunity 


Put  Yourself  in  the  Picture 
for  a  Pay  Increase  and 
Better  Position 


Now,  as  never  before,  professional  radio¬ 
men  have  a  golden  opportunity  to  go  after — 
and  get  the  higher  engineering  positions  and 
the  increased  pay  that  go  with  them.  The 
radio  industry  needs  competent  men.  By  im¬ 
proving  your  own  technical  ability,  you  will 
help  yourself,  and  at  the  same  time  make 
yourself  more  valuable  to  your  employer  and 
company. 

(]REI  home-study  training  in  practical 
radio  engineering  is  a  proven  method  for 
equipping  yourself  for  advancement.  For  the 
past  1.S  years  this  Institute,  its  courses  and 
outstanding  faculty  have  been  known  and 
respected  throughout  the  industry.  Now,  with 
time  so  important  and  the  need  so  urgent, 
every  ambitious  radioman  should  investigate 
the  advantages  of  the  CREl  planned  program 
of  study  for  advancement  and  future  security. 


Flq.  5 — Circuit  of  converter  permitting 
recepdon  oi  114  Me  video  signals  when 
used  in  conjunction  with  a  standard 
commercial  type  television  receiver. 
The  converter  turns  out  a  12.75  Me 
signal 


•  Write  for  free  32-pagc  booklet 


If  you  have  had  professional  radio 
experience  and  want  to  make  more 
money— let  us  prove  to  you  we  have 
something  you  need  to  qualify  for 
a  better  radio  job.  To  help  us  in¬ 
telligently  answer  your  inquiry — 
please  state  briefly  your  background 
of  experience,  education  and  pres¬ 
ent  position. 
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CREl  Students,  Graduates  —  ATTENTIONI 

The  CREl  Placement  Bureau  is  flooded  with 
requests  for  radiomen.  Employers  in  all 
branches  of  radio  want  trained  men.  Your 
Government  wants  every  man  to  perform  his 
job,  or  be  placed  in  a  job,  that  will  allow  him 
to  work  at  maximum  productivity.  If  you  are 
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Radio  transmitter  tubes  are  operated  at 
General  Electric  radio  factories  before 
they  are  tested  and  shipped  to  the  armed 
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M-«  PRODUCTS: 

Fibarglos  VofniihcS  Tap*  and  Cloth 
Fibarglot  ■roidod  Slooving 
Fiborgloi  Soturatod  Sloaving  and 
Vornithod  Tubing 
Intuloling  Papars  and  Twinai 
Cotton  Topos,  Wnbbings  and 
Sioovingt 

Asbostos  Slooving  ond  Top* 

Cobla  Filling  ond  Pothood  Compounds 
Imprognotod  Vornishod  Tubing 
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A  request  on  your  business  letterhead  will 
bring  you  a  FREE  copy  of  our  Engineering 
Wall  Chart  and  Electrical  Insulation  Guide 
Book  —  described  in  our  two  previous  adver¬ 
tisements. 


isadart  of  Elsctronics  for  your  rosponto  to  our  sorv- 
ico  mostago*  which  appoarod  on  pogos  98  and  39 
of  tho  October  and  Novombor  Utwoc  rospocHvoiy. 


We  heard  from  a  number  of  our  regular 
CTistomers  and  many  additional  companies. 
While  M-R  is  backed  by  53  years  of  electrical 
insulation  experiezKre,  we  find  that  our  prod¬ 
ucts  and  services  are  of  interest  to  hundreds 
of  new  manufacturers  each  year. 


We  will  be  glad  to  tell  you  how  you  can 
SAVE  TIME  and  SIMPLIFY  YOUR  BUY¬ 
ING  by  ordering  all  of  your  electrical  insula¬ 
tion  materials  from  one  source  of  supply  — 
Mitchell- Rand  —  Insulation  Headquarters. 


SALT  SPRAY 

Corrosion  Test  Equipment  I 

For  testing — Electroplated  or  coated  metals 
at  95  deg.  Fah.  in  accordance  with  Army,  ' 
Navy  and  Aeronautical  specifications,  as  ' 
-  r-y  outlined  in  Bulletin  AN-Q(P-S-9l-5  dated 
Dec.  1938.  Also  for  controlled  tempera- 
L  J  tures  from  65“  to  130“  Fah.  Test- 

B  |l  ing  Cabinets  lined  throughout  with 

1  rubber.  Made  in  4  sizes. 

"Vi'titt  for  SFW  Literature  I 
and  particulars." 

INDUSTRIAL  FILTER 
MPt  &  PUMP  MFG.  CO. 

3007  WEST  CARROLL  AVENUE 
'  CHICAGO.  ILLINOIS 


#  fnqwirlas  and  orders  on  yoor  alaetrUal  Insolation 


raqviramants  will  racafva  oor  prompt  otfonffon 


MITCHEIL-RAND  INSULATION  CO.,  Inc. 

51-A  MURRAY  STREET,  NEW  YORK,  N  Y.  ' 

COrllandt  7-9264 


AUTOMATIC  ELECTRIC 
RELAYS  from  SUEZ  fo  ffie  SOLOMONS 


This  is  a  war  of  electrical  control — and  we’d 
like  to  tell  you  about  the  scores  of  ways  in 
which  Automatic  Electric  Relays  are  helping 
the  armed  forces — in  tanks,  aircraft,  ships  and 
guns.  But  the  telling  might  give  aid  to  the 
enemy,  so  this  interesting  story  will  have  to 
wait. 

Meanwhile,  if  you  are  designing  or  building 
war  products  that  use  elearical  control,  you 
can  save  time  and  effort  by  calling  in  the 
Automatic  Electric  held  engineer  nearest  you. 
He  will  be  glad  to  work  with  you  in  selecting 
the  apparatus  best  suited  to  your  needs. 

Ask  him  also  for  our  80-page  catalog  de¬ 
scribing  the  complete  line  of  Automatic  Elec¬ 
tric  Relays,  Switches  and  other  control  ap¬ 
paratus.  No  other  book  treats  the  subject  so 
completely.  Or  write  to  us  direct;  and  we'll 
forward  a  copy  promptly. 


AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1033  West  Van  Buren  St.,  Chicago,  Illinois 

- RELAYS - 

AND  OTHER  CONTROL  DEVICES  BY 


HERE’S  HANDY 


for  solving  teehnieil 
and  business  problems 

When  jovL  want  in- 
fetmatloB  feat — ier 
desdiae  with  dlifieolt 
produ^on  problams, 
ior  settling  special 
managerial  ouestions, 
or  lor  handling  the 
"lOOr*  sitnotions  that 
arise  in  every  shop. 
oUiee,  laboratory  and  iield — 

get  the  facts— erperlesce  dote 
yes  seed  fa  telve  yosr  porffceler 
prehleais  from 


McGRAW-HILL  BOOKS 


Professional  Services 


I  want  to  know  i 


HAROLD  j.  McCreary 

Mem.  A.I.E.E.  &  W.S.E. 

Consulting  Engineer 

Laboratoir  Facilities 
Research  Electronics 

Oerelopment  Television 

Design  Radio 

Factory  Practice  Railroads  Signaling 

Patent  Studies  Telephony 

lOi  W.  Adams  St.  Phone  STate  4003  Chicago.  III. 


J.  ALBERT  STOBBE 

Consultant 

Electronics  and  Communications 


Welding  Control 

(Continued  from  page  67) 

biased  negative  at  the  start  of  the 
load  capacitor  CL  charge  and  moveti 
in  a  positive  direction  as  the  voltage 
across  CL  increases.  At  a  voltage 
determined  by  the  setting  of  P,  the 
grid  of  tube  12  becomes  positive  and 
this  tube  conducts  to  energize  the  re 
lay  CRi.  The  contacts  of  this  relay 
are  in  the  welder  control  circuit  ami 
prevent  welding  unless  CRt  is  ener¬ 
gized.  Once  Pi  has  been  properly 
set,  changing  the  setting  of  Pi  to 
change  the  output  voltage  automatic 
ally  adjusts  the  undervoltage  indi¬ 
cating  circuit  for  the  changed  con¬ 
ditions. 

Discharge  Circuits 

To  discharge  a  capacitor  bank  into 
a  welding  transformer  primary  and 
prevent  reversal  of  capacitor  voltage 
should  the  R,  L,  and  C  combination 
be  less  than  critically  damped,  the 
circuit  shown  in  Fig.  9  is  used.  The 
discharge  circuit  consists  of  the  ig- 
nitron  tube  13  and  the  thyratron 
tube  14.  Tube  14  is  normally  biased 
sufficiently  negative  to  prevent  con¬ 
duction.  As  the  discharge  indication 
is  given  by  the  welding  machine  se¬ 
quence,  a  small  capacitor  is  dis¬ 
charged  into  the  primary  of  trans¬ 
former  r„.  This  discharge  produces 
an  impulse  in  the  secondary  of  Tu 
sufficient  to  momentarily  drive  the 
grid  of  tube  14  positive.  Tube  14 
conducts  to  the  ignitor  of  tube  13, 
which  then  conducts  the  discharge 
•  •  • 

WEATHER  SPOTTERS  ON 
WHEELS 


City .  State. 


i  63  Wall  Street 


New  York  Citv 


Army  and  Navy  personnel  obtaining 
weather  data  in  a  mobile  weather  station, 
making  use  of  the  most  modern  meteoro¬ 
logical  equipment  Left  to  right.  Cadet 
Otey  adjtuting  the  receiving  equipment 
and  Cadet  Knudson  finding  the  surface 
pressure  with  microbarograph 
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tout  PRODUCTION 
TOR  TOUR 


of  the  capacitor  CL  into  the  primary 
of  the  welding  transformer. 

Should  the  combination  of  R,  L, 
and  C  in  the  discharge  circuit  be 
such  that  the  circuit  is  oscillatory, 
the  voltage  across  the  primary  of 
the  welding  transformer  will  tend  to 
reverse  as  the  discharge  proceeds. 
Instantly,  w’hen  this  occurs,  the 
anodes  of  the  thyratron  tube  16  and 
the  ignitron  tube  15  becomes  posi¬ 
tive.  When  the  reverse  voltage 
reaches  a  sufficient  value  (100  to  150 
volts)  tube  16  conducts  sufficient 
current  to  the  ignitor  of  tube  15  to 
ionize  this  tube.  This  operation  ef¬ 
fectively  limits  the  inverse  voltage 
applied  to  the  capacitors  to  a  low 
value. 

Other  Considerations 

In  addition  to  the  electronic  cir¬ 
cuits  described  complete  control  for 
electrostatic  energy  storage  welding 
includes  sequencing  controls  and  pro¬ 
tective  equipment  for  overload,  over¬ 
voltage  and  faulty  operation.  In  ad¬ 
dition,  reversing  contactors  are  pro¬ 
vided  to  reverse  the  connections  of 
the  welding  transformer  on  alternate 
welds  to  prevent  accumulative  effects 
of  discharge  and  possible  saturation 
of  the  transformer. 

To  illustrate  some  effects  of  chang¬ 
ing  constants  in  the  discharge  cir¬ 
cuit,  Fig.  10  has  been  included.  It 
will  be  seen  from  this  that  a  very 
wide  control  of  discharge  w’aveforms 
may  be  obtained  to  meet  the  char¬ 
acteristics  of  the  metal  being 
welded. 

•  •  • 

PORTABLE  X-RAY  UNIT 


Ground  crews  of  the  Armed  forces  will 
be  able  to  give  aircraft  a  speedy  and 
thorough  check  for  structural  faults  by  the 
use  of  a  portable  x-roy  unit,  which  is  be¬ 
ing  built  by  Lockheed  Aircraft.  The  unit 
can  be  wheeled  along  behind  a  car  di¬ 
rectly  up  to  the  plane.  The  x-ray  ex¬ 
posure  is  taken  on  the  field,  the  operator 
enters  a  dark  room  within  the  trailer  to 
develop  the  negatives.  A  Lightning  P-38 
fighter  plane  is  shown  drawing  up  to  the 
device 
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NEW  BOOKS 


Principles  of  Radio 

By  Keith  Henney.  John  Wiley  and 
Sons,  New  York,  N.  Y.  Fourth  Edi¬ 
tion.  549  pages.  Price,  $3.50. 

In  thirteen  years,  “Principles  of 
Radio”  has  gone  through  four  editions. 
Originally  intended  to  provide  a  foun¬ 
dation  of  practical  radio  knowledge  for 
the  student  who  had  little  background 
upon  which  to  build  and  yet  who 
wanted  to  know  the  basis  upon  which 
radio  communication  existed,  the  au¬ 
thor  has  constantly  kept  in  mind  the 
needs  of  those  who  must  learn  without 
benefit  of  an  instructor. 

This  book  has  been  used  in  trade 
schools,  for  which  it  was  intended,  and 
in  colleges,  for  which  it  was  not 
aimed,  according  to  the  preface.  Dur¬ 
ing  the  past  year  the  volume  has  been 
extensively  used  in  radio  instruction  on 
an  elementary  level  and  was  recom¬ 
mended  by  the  National  Association  of 
Broadcasters  as  a  suitable  text  for 
courses  of  instruction  given  under 
their  sponsorship.  The  fourth  edition 
contains  nineteen  chapters,  the  first  of 
which  deals  with  general  electrical 
fundamentals  based  on  the  circuit  ele¬ 
ments  of  L,  R,  and  C,  and  Ohm’s  and 
Kirchoff’s  laws.  The  next  three  chap¬ 
ters  deal  with  alternating  currents, 
resonance  phenomena,  and  properties 
of  coils  and  condensers.  Chapters  IX 
to  XIII  inclusive  deal  with  the  design 
of  audio  and  radio  frequency  ampli¬ 
fiers,  w’hile  Chapter  XIV  treats  detec¬ 
tion.  Receiving  Systems  are  treated  in 
Chapter  XV,  Rectifiers  and  Power 
Supplies  in  Chapter  XVI,  and  Oscilla¬ 
tors,  Transmitters,  etc.,  in  Chapter 
XVII.  The  last  two  chapters  deal 
with  Antennas,  Transmission,  and 
Facsimile  and  Television  Transmission, 
respectively.  There  is  a  thirteen  page 
chapter  and  useful  tables  on  the  inside 
covers. 

Throughout,  the  aim  has  been  to 
provide  practical  information.  Prob¬ 
lems  are  provided  in  each  chapter  for 
the  student  to  obtain  a  sense  of  values 
of  electrical  quantities  involved  in 
radio  communication. — b.d. 
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Tlie  Future  of  Television 

By  Orrin  E.  Dunlap,  Jr.,  Harper  & 
Brothers,  19^2.  19^  pages.  Price  $2.50. 

Ten  YEARS  AGO,  1932,  Mr.  Dunlap  pub¬ 
lished  “The  Outlook  for  Television,”  a 
chronological  story  of  the  development 
of  television  up  to  that  time.  This 
1942  book  appropriately  takes  up  the 
television  story  and  looks  ahead  from 
where  we  stand  today.  The  book  not 
only  looks  into  the  future,  but  gives 
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PERMOPIVOTS  art  tipped  with 
Permomatal*,  a  special  alloy 
which  is  oxceptionally  resistant 
to  wear  ...  is  non-corrosive  .  . . 

1  non-abrasive  ...  and  often  elim¬ 
inates  oils  for  lubrication, 
j  Permopivots  are  made  to  exact- 
1  ing  specifications.  They  will  in¬ 
crease  the  life  and  accuracy  of 

1  nearly  all  precision  instruments, 
i  T  _ _ 

■'Vfi 

enough  of  the  background  and  the  pres-  tary”.  Accordingly,  it  is  written  on 
ent  status  so  that  it  stands  on  its  own  a  level  such  that  those  with  high 
feet  as  a  brief  summary  of  the  science  school  physics  and  mathematics  should 
of  seeing  by  radio.  be  able  to  obtain  an  introduction  to 

The  author  asks  the  pertinent  ques-  radio  theory  and  practice,  although 
tions  that  have  bothered  everyone  who  probably  not  without  some  assistance 
has  considered  television  at  all  seri-  from  an  instructor.  Five  of  the  authors 
ously,  aside  from  its  purely  technical  are  associated  with  colleges  teaching 
aspects.  What  is  to  become  of  sound  electrical  engineering  and  this  assures 
broadcasting?  W'ho  is  to  pay  for  tele-  a  sound  pedagogical  point  of  view, 
vision?  Does  television  threaten  the  In  wisely  devoting  the  first  chapter 
theatre?  How'  much  will  the  public  pay  to  the  Mathematics  of  Radio  the  au¬ 
to  see  as  well  as  hear  by  their  radio  thors  aim  to  overcome  a  weakness 
sets?  This  book  does  not  attempt  to  which  radio  instructors  find  in  their 
answer  finally  all  or  even  many  of  students,  namely  a  lack  of  facility  in 
these  questions;  it  lays  the  facts  before  manipulating  algebraic  and  trigonomet- 
the  reader  as  though  to  apprise  him  of  ric  expressions  even  among  those  who 
the  difficulties  and  problems  the  better  have  been  exposed  to  those  topics  only 
to  equip  him  to  answer  the  questions  recently.  The  following  two  chapters 
in  his  own  way.  But  if  the  reader  are  devoted  to  principles  of  direct  and 
thinks  he  will  find  a  neat  solution  to  alternating  currents.  There  are  chap- 
the  broader  aspects  of  television’s  fu-  ters  on  electronics,  power  supplies, 
ture  in  this  book,  he  is  due  to  be  disil-  sound,  amplifiers,  vacuum  tube  instru- 
lusioned.  Mr.  Dunlap  is  not  naive  ments,  reception,  transmission,  wave 
enough  to  “stick  his  neck  out”  suffi-  propagation,  antennas  and  modulation 
ciently  in  this  direction  to  have  his  methods.  Each  of  the  sixteen  chapters 
head  cut  off.  contains  numerous  problems,  with  the 

This  book  is  for  non-technical  peo-  answers  to  each  at  the  end  of  the  chap¬ 
pie;  but  the  techniciaris  will  find  it  ter.  Occasionally  the  student’s  atten¬ 
tion  is  specifically  drawn  to  important 
principles  or  applications  in  the  ultra- 
high  frequency  field,  but  so  much  space 
is  necessarily  devoted  to  basic  funda¬ 
mentals  that  this  cannot  be  regarded 
as  a  volume  of  u-h-f  methods.  There 
are  several  folded  pages  inserted  be¬ 
tween  appropriate  pages,  showing  com¬ 
plete  circuit  diagrams  of  radio  equip¬ 
ment. 

The  book  is  designed  for  men  seek¬ 
ing  induction  into  military  services,  for 
radio  operators,  and  men  in  the  com¬ 
munication  industry.  The  material 
covers  fundamentals  of  radio  as  out¬ 
lined  by  the  National  Association  of 
Broadcasters. — b.d. 
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Fundamentals  of  Radio 

By  E.  C.  Jordan,  P.  H.  Nelson,  W.  C. 
OSTERBROCK,  F.  H.  HUMPHREY,  L.  C. 
Smeby,  and  W.  L.  Everitt,  editor. 
Prentice-Hall,  Inc.  J^OO  pages.  Price, 
$5.00. 

.4CCORDING  TO  THE  PREFACE,  “the  pur¬ 
pose  of  this  volume  is  to  present  the 
basic  material  of  radio  required  for  all 
types  of  radio  work,  both  civil  and  mili- 
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4000  Years  of  Television 

By  Richard  Hubbell,  Published  by  G. 
P.  Putnam’s  Sons,  New  York,  N.  Y. 
1H2.  Price  $2.25. 

The  story  of  seeing  at  a  distance  has 
been  published  at  a  propitious  time, 
because  it  initiates  the  reader  into 
America's  next  great  industry,  an  in¬ 
dustry  that  is  to  play  a  revolutionary 
role  when  once  again  a  brighter  horizon 
is  to  dawn.  It  should  prove  an  inter¬ 
esting  story  to  all  who  anticipate  a  to¬ 
morrow  and  are  willing  to  prepare  for 
that  tomorrow. 

The  author  has  treated  the  subject 
with  seriousness  and  with  grace  like 
an  important  romance  culled  from  his¬ 
tory.  He  commences  with  the  principles 
upon  which  television  is  based,  speaks 
of  the  rock  crystal  lens  discovered  in 
2000  B.C.  in  Assyria,  and  of  Thales 
the  founder  of  Greek  geometry  who 
made  practical  use  of  amber.  It  dwells 
on  the  lodestone  found  in  Magnesia,  of 
which  our  present  magnets  are  the 
modern  counterpart,  and  acquaints  the 
reader  with  William  Gilbert  and  the 
various  “stones”  he  called  “electrics”. 
From  1891  A.D.  after  the  smallest  na¬ 
tural  unit  of  electricity  had  been  named 
“electron”  the  story  gains  iii  leaps  and 
bounds  on  astounding  information,  em¬ 
bracing  with  due  reverence  the  impor¬ 
tant  role  of  the  science  of  “electronics”. 
It  tells  of  the  performances  at  Alexan¬ 
dra  Palace,  popularly  called  the  “Palace 
of  Magic”  (where  this  reviewer  wit¬ 
nessed  intriguing  performances),  the 
fateful  day  of  September  1,  1939  which 
closed  high-definition  television  at  Lon¬ 
don’s  Olympia,  and  of  the  vistas  that 
will  open  in  a  televisionized  America 
after  the  war. 

“4000  Years  of  Television”  is  an  ex¬ 
cellently  written  book  and  worthy  the 
attention  of  the  engineer.  To  the  lay¬ 
man  its  reading  should  be  regarded  as 
a  fascinating  experience  because  it 
brings  in  nontechnical,  yet  precise 
terms  the  history  and  the  development 
of  one  of  the  most  miraculous  sciences. 
Mr.  Hubbell  comes  well  prepared  for 
his  task;  for  many  years  he  has  de¬ 
voted  his  time  and  ambition  to  tele¬ 
vision.  At  present  he  is  in  charge  of 
CBS’  Television  News  Dept,  and  is  a 
commentator  with  an  appreciable  fol¬ 


proi' 


lowing.  It  is  being  said  that  politi>  d 
and  geographical  history  has  to  >e 
written  again  and  again,  but  tek  i- 
sion’s  history  shall  remain  the  res  It 
of  several  important  sciences  combir  d 
into  one,  and  it  has  found  a  capai'le 
interpreter  in  Mr.  Hubbell. — b.d. 

•  •  • 

A  Short  Course  in  Tens-or 
Analysis  for  Electrical  Men 

By  Gabriel  Kron,  Consulting  Enni- 
neer.  General  Electric  Company,  Sche¬ 
nectady.  John  Wiley  &  Sons,  New 
York.  250  pages.  figures.  Price 

$4.50. 

The  .material  in  this  volume  is  essen¬ 
tially  that  contained  in  a  series  of  lec¬ 
tures  delivered  to  students  in  the  ad¬ 
vanced  course  in  engineering  of  the 
General  Electric  Company,  and  already 
recorded  in  considerable  detail  in  a 
series  of  articles  in  the  General  Elec¬ 
tric  Review  during  the  past  seven  or 
eight  years.  The  primary  purpose  of 
the  volume  is  to  establish  an  organized 
system  for  solving  the  equations  of 
performance  of  engineering  problems. 
Specifically  The  volume  is  concerned 
with  problems  encountered  in  the  field 
of  electric  power  generation  and  dis¬ 
tribution,  but  the  electrical  applica¬ 
tions  are  only  used  to  illustrate  the 
basic  concepts  which  are  of  consider¬ 
ably  wider  application. 

The  book  is  divided  into  two  parts: 
In  the  first  part  of  the  volume  which 
contains  112  pages  divided  into  four¬ 
teen  chapters,  the  fundamentals  of 
matrix  algebra  are  established  after 
which  they  are  applied  to  unbalanced 
multi-winding  transformers,  symmetri¬ 
cal  components,  phase  shift  trans¬ 
formers,  and  the  field  equations  of 
Maxwell,  and  the  mercury  arc  rectifier. 

Part  II  of  the  volume  is  devoted  to 
rotating  machinery  and  contains  eight¬ 
een  chapters.  In  this  section  the  prin¬ 
ciples  of  tensor  analysis  are  applied  to 
various  systems  employing  rotating 
electrical  machinery. 

In  general  the  volume  is  one  which 
will  make  its  appeal  to  the  mathe¬ 
matically  inclined  investigator  or  re¬ 
search  engineer  who  is  concerned  with 
generalizing  the  methods  available  to 
him  through  the  usual  three-dimen- 
.sional  vector  analysis. — B.D. 
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Wellman  &  Roeder . Oct.  *74 

Electronic  differentiation  . June  *143 

Electronic  phase-angle  meter.  E.  L«. 

Ginzten  . May  *60 

Electronic  phase  bridge  for  measure¬ 
ments  . Nov.  *96 

Evaluating  the  transmission  char¬ 
acteristics  of  four-terminal  net¬ 
works.  E.  S.  Purington,  pt.  l..Noy.  *54 
Harmonic  wave  analyzer.  R.  F. 

Thomson  . D»c.  61 

Impedance  determinations  of  eccen¬ 
tric  lines.  G.  H.  Brown  (Ref.  Sheet) 

Feb.  *49 

Impedance  magnitude  and  phase  shift 
curves.  V.  Ij.  Edutis  (Ref.  Sheet).. 

Nov.  *76 

R-type  impedance  transforming  cir¬ 


cuits.  P.  H.  Smith . Mar.  *48 

I»w-frequency  timing  cinuits.  ('.  E. 
Berry  . Oct.  *64 


Proiiagation  constant  and  charactoiis- 
tic  impedance  of  high  loss  lines. 

Karl  Spangenberg  (Ref.  Sheet). Aug.  *57 
Reactance  tubes  in  frequency  modu¬ 
lation  applications.  August  Hund.. 

Oct.  *68 

Simplified  inductance  chart.  E.  S. 

Purington  (Ref.  Sheet) . Sept.  61 

Solenoid  inductance  calculations.  T. 

C.  Blow  (Ref.  Sheet) . .May  *63 

Some  graphic  solutions  of  parallel 

circuits.  R.  C.  Paine . Dec.  *9)) 

“T”  to  ‘'Pi"  transformations  simpli¬ 
fied.  H.  Stockman . Oct.  *72 

10-megacycle  oscilloscope  . Feb.  *72 

I’nsymmetrical  attenuatO)'S.  P.  M. 

Honnell  . --Vug.  *11 

Wave  form  circuits  for  cathode  ray 
tubes.  H.  M.  Rewis,  pt.  1,  July  *44; 

pt.  2  . .Aug,  *48 

IVide  band  ami>lifiers  and  frequency 
multiplication.  D.  R.  Jaffe . Apr.  *56 


Contiicts: 

Rliodium  contacts 


Jan.  88 


Electron  TuIm*".: 

Amplification  factor  with  square  mesh 

grids  . Dec.  106 

Classification  of  electron  tubes  (table) 

June  52 

Controlled  transitron  oscillator.  S.  R. 

.Iordan  . July  *42 

Electron  tube  terminology.  W.  (5. 

White  . Dec.  42 

Gaseous  tubes — and  how  to  treat 
them.  Watrous  &  Marshall. ..  .Jan.  *42 
Industrial  tubo  characteristics. .  .June  *52 
Rist  of  tubes  barred  from  manufac¬ 
ture  for  civilian  use . May  93 

Non-metal  shields.  B.  H.  Porter.... 

Apr.  33 

Radiation  instruments  using  Geiger 

Muller  tubes.  Paul  Weisz . Oct.  *44 

Rheotron  a  new  electronic  tool... Feb.  *22 
Rheotron  or  Induction  accelerator  .  .luly  76 

Tubes  anil  their  functions . lune  *61 

Vacuum  tyiie  trigger  tube  using  .sec¬ 
ondary  emission  . Oct.  *li)<) 


Elect  roll  Tubes — .\ppllciil  ions ; 


.Analyzing  liigh-speed  action . Ian.  80 

Anti-electrolysis  relay.  Davis  A:  Wain- 

wright  . Mar.  *72 

Automatic  blond  pleasure  recorder. 

\V.  E.  Gilson . .May  *54 


Automatic  control  for  grinding  ma¬ 
chine  feed  motors . Nov.  *8. 

Ballast  tubes  as  automatic  voltage 

regulators.  S.  G.  Taylor . Jan. 

Burglar-alarm  systems  . 

Carbon  arc  control  unit.  Wilbur  Fla¬ 
herty  . Mar.  •6.1 

Checking  auto  breaker-points  by  elec¬ 
tronics.  G.  V.  Eltgroth . Apr.  *34 

Control  for  one  way  tunnel . Dec.  *82 

Electrical  remote  control.  Dorr  &  Gal¬ 
ton,  pt.  1,  Nov.  *60;  pt.  2 . Dec.  57 

Electrolytic  tin  plating . Dec.  S-i 

Electronic  counter  for  rapid  impulses. 

Wellman  &  Roeder . Oct.  *7  4 

Electronic  differentiation  . June  *143 

Electronic  robot  measures  creep  of 

metals  . Nov.  *86 

Electronic  welding  control.  H.  D 
Palmer,  pt.  1,  Aug.  *36;  pt.  2,  M. 

E.  Bivens.  Sept.  *55;  pt.  3,  M.  E. 
Bivens.  Oct.  *62;  pt.  4,  S.  A.  Clark, 

Nov.  ■•65;  pt.  5,  G.  R.  Rogers.  ..  .Dec.  63 
Electronics  at  the  Chemical  Exposi¬ 
tion  . Jan.  56 

Electronics  serves  transportation  in¬ 
dustry  . Sept.  *63 

Electroplane  camera  . Mar.  *44 

Feedback  for  stabilizing  light-valves. 

.May  *84 

50-kv  voltage  stabilizer . May  *88 

Harmonic  wave  analyzer.  R.  F. 

Thomson  . Dec.  61 

Heating  by  high-frequency  induction. 

June  142 

High  speed  relay  and  switch  tester.  . 

Sept.  *70 

Industrial  temperature  control  by 

electronics.  .M.  F.  Behar . Dec.  72 

Intrusion  detection  system . Mar.  *73 

Nail  detector  . Jan.  *72 

An  oscillator  for  remote  frequency 

control.  H.  C.  Igiwrence . Sept.  *42 

Photoelectric  controlled  coal  larry... 

Dec.  84 

Photoelectric  densitometer.  C.  C. 

Smith  . Dec.  *80 

Photoelectric  scanner  . Mar.  *70 

Photoflash  synchronizer  tester.  P.  A. 

Marsal  . Jan.  *34 

Phototubes  in  multicolor  printing.  .  . 

Feb.  *72 

Radio  frequency  heating  speeds  ply¬ 
wood  bonding  . Nov.  *79 

Reactance  tubes  in  frequency  modu¬ 
lation  applications.  August  Hund.. 

Oct.  *6h 


Recording  low  intensity  flashes.  .Oct.  *lii\ 


Revolving  door  controlled  by  photo¬ 
tube  . Mar.  72 

Thorium  detector  . Dec.  *82 

Tubes  and  their  functions . June  *61 

Tubes  at  work . June  *7') 

Universal  electronic  relay.  R  F.  Boss 

May  *6^ 

Wired  radio  controls  street  light  cir¬ 
cuits  . Feb.  *8') 


Engineering: 

Electronics  and  communication  courses 

in  American  colleges . Sept.  8  4 

Engineering,  Science,  and  ilanagement 
Defense  Trdning.  Beverly  Dudley. 

Mar.  *36 


Kilter"*: 

Notes  on  band  pass  and  band  rejec¬ 
tion  filters.  H.  Holubow . Aug.  *54 


Krequeni-y  ModiilHtiun: 

Frequency-modulated  reproduct  Ion 

control  for  sound  films . .Mar.  *Sn 

Frequency  modulation  carrier  current 

telephony.  Braulio  Dueno . May  *57 

lii'luclively  coupled  frequency  modu¬ 
lator  . Jan.  *80 

Modern  10-kw  t  requency-inodul.'ilion 
transmitter.  Winlimd  A-  I’errv.Mar.  *1<) 
Modulation  relations.  August  Hund.. 

Sept.  *4' 
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black 


Jjpbomite  ELDO 


Electronic  Switches 

SINOU-DOUILf 


Actuating  curr«i«t  3  micrMmpi. 
Load  Capacity  3  to  30  ampi. 
Oporation  1 10  Volts  AC. 
Writ#  for  bullotin  D 


^  TAYLORS 

LAMINATED  PLASTICS 
Vekoaized  Fibre  •  PWaoJ  Fibre 


COOPERATIVE  ENGINEERING 
sorvic*  is  availablo  to  ostabliskod 
manofacturors  with  control  prob- 


sauTS,  io*s,  mtts,  faiikati*  parts 
TAYLOK  FIIRE  COMRANT 

NORRISTOWN  PA. 

Nolle  Smr  NaWenn:  }M  S  SaiNM  ft.,  ja  tw 


CORPORATION 

TerriKRtoR,  CoRRRctict 

Maaafoctorors  at  ENctraalc  Coatrois 


Dn-rmhrr  i<Mi*  —  tLECTROMOS 
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If 


